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SU M M A R Y
T h e  r e a c t i o n  b e t w e e n  3 - s u b s t i t u t e d - 5 - p h e n y l - I ,  2 - d i t h i o l i u m  
s a l t s  and v a r io u s  a m i n o h e t e r o c y c l e s  w a s  i n v e s t i g a t e d .  S u b s t i tu te d  €
2 - a m in o p y r id in e s  g a v e ,  in  m o s t  c a s e s ,  a m ix t u r e  o f  tw o  i s o m e r i c  
p r o d u c t s ,  f o r m u la t e d  a s  d i t h ia d ia z a c y c lo p e n t  £a J in d e n e s .  S i m i l a r l y ,  
2 - a m i n o - 2 - t h i a z o l i n e  and 2 - a m i n o t h ia z o I e  g a v e  a  m i x t u r e  o f  p r o d u c t s .
T h e  e f f e c t  of u s i n g  d i f f e r e n t  s o lv e n t s  and l e a v i n g  g r o u p s  in  t h e s e  
r e a c t io n s  w a s  s t u d ie d .  4 - A m in o p y r i d i n e ,  2 - a m in o p y r im id in e  and  
2 - a m i n o b e n z i m i d a z o l e  e a c h  g a v e  o n ly  on e  p r o d u c t ,  w h e r e a s  2 , 6 -  ?i
d ia m in o p y r id in e  p r o d u c e d  a m ix t u r e  of tw o  di s u b s t i t u t io n  p r o d u c t s .  
N - P h e n y l b e n z a m id i n e  g a v e  a s m a l l  q u an tity  of 5 - p h e n y l - 3 - p h e n y l i m i n o -  
3 H -1 ,  2 - d i t h i o l e ,  w h i l e  2 - m e t h y lp y r i d i n e  p r o d u c e d  n o  u s e f u l  m a t e r i a l .
T w o  b y p r o d u c t s ,  5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - t h i o n e  and 5 - p h e n y l -  1 , 2 -  
d i t h i o l e - 3 - o n e  w e r e  f o r m e d  in  e a c h  r e a c t io n  w h ic h  w a s  i n v e s t i g a t e d .
2 - A m i n o - 4 - m e t h y l p y r i d i n e  r e a c t e d  w ith  p e r c h l o r o m e t h y l  iiIm e r c a p t a n  to  g iv e  a s u lp h e n a m id e .  R e a c t io n  o f  t h i s  c o m p o u n d  w ith  >
b e n z o y l a c e t i c  a c id ,  f o l l o w e d  b y  t h io n a t io n ,p r o v id e d  an  a l t e r n a t iv e  
r o u te  to  o n e  o f  the  d i t h ia d ia z a c y c lo p e n t  [a j in d e n e  i s o m e r s .  T h e  
s u lp h e n a m id e s  o f  2 - a m i n o - 2 - t h i a z o l i n e  and 2 - a m i n o t h i a z o l e  f a i l e d  
to  r e a c t  w ith  b e n z o y l a c e t i c  a c id .
1 , 2 ,  4 - T h i a d i a z o l e 8 w e r e  u s e d  to  s y n t h e s i s e  c o m p o u n d s  
f o r m u la t e d  a s  I H -  and 6 H - t r i h e t e r a p e n t a l e n e s .  4 ,  5 - D i h y d r o - 5 -
im i n o -  1 , 2 , 4  - t h i a d i a z o l e s  r e a c t e d  w ith  ar en e  d ia z o n iu m  f lu o r o b o r a t e s  
to g iv e  6 H - 3 a \  - t h i a - 1, 2, 3, 4 , 6 - p e n t a a z a p e n t a l e h e s .
4 ,  5 - D i h y d r o - 5 - i m i n o - 1, 2, 4 - t h i a d i a z o l e s  f o r m e d  
V i l s m e i e r  s a l t s  w h ic h  r e a c t e d  w ith  a q u e o u s  m e t h y l  a m in e  or  s o d iu m  
h y d r o g e n  su lp h id e  s o lu t io n ,  p r o d u c in g
1
(x i)
1 H - 3 slX  -thia-^ 1, 3 , 4 , 6 - t e t r a a z a p e n t a l e n e s  and 6H - 3, 3aX. - d i t h i a -
1, 4 , 6 - t r i a z a p e n t a l e n e  s  r e s p e c t i v e l y .  S o d iu m  h y d r o x id e  and
s o d iu m  h y d r o g e n  s e l e n i d e  s o lu t io n s  f a i l e d  to  r e a c t  w ith  t h e s e
V i l s m e i e r  s a l t s .
6 H - 3 - o x a - 3 a \ ,  - t h i a - 1 , 4 ,  6 - t r i a z a p e n t a l e n e s  w e r e
p r e p a r e d  f r o m  5 - a c e t a m i n o - 3 - m e t h y l - 1, 2 , 4 - t h i a d i a z o l e ,
5 - f o r m a m i n o - 3 - m e t h y l -  1 , 2 ,  4 - t h i a d i a z o le  , 3, 6 -  d im e t h y l  -  5 -  m e t h y l -  
_ 4t h i o - 6 H - 3 a X  - t h i a -  1 , 3 , 4 ,  6 - t e t r a a z a p e n t a l e n e  and f r o m  4 , 5 - d i h y d r o -  
5 - i m i n o - 3, 4 - d i m e t h y l - 1, 2 , 4 - t h i a d i a z o l e .
6 H -3 ,  3a " X ^ -D ith ia -1, 4 ,  6 - t r i a z a p e n t a l e n e s  w e r e  p r e p a r e d  4
by th io n a t in g  o x a t h ia a z a p e n t a l e n e s ,  and by a l lo w in g  c a r b o n  di s u lp h id e
to  r e a c t  w ith  1, 2 , 4 - t h i a d i a z o l i u m  s a l t s .
_  4 yA n a t t e m p te d  s y n t h e s i s  of  5 ,  6 - d i m e t h y l - 6 H - 3 ,  3aA. - d i t h i a -
1 , 2 , 4 ,  6 - t e t r a a z a p e n t a l e n e  f r o m  5 - a m i n o - 3, 4 - d i m e t h y l - 4 H - l ,  2 , 4 -  
t h ia d ia z o l iu m  io d id e  p r o v e d  u n s u c c e s s f u l .
4 , 5 - D i h y d r o - 5 - i m i n o - 3 ,  4 - d i m e t h y l - 1, 2 , 4 - t h i a d i a z o l e  
r e a c t e d  w ith  p h e n y l i s o c y a n a t e  g iv in g  2 - a m i n o p h e n y l - 5 ,  6 - d i m e t h y l -  
6 H -3 -o x a -3 a 7 v .  - t h i a -  1 , 4 ,  6 - t r i a z a p e n t a l e n e .  P h e n y l i s o t h i o c y a n a t e  
g a v e  2 - a m i n o p h e n y l - 5 , 6 - d i m e t h y l - 6 H - 3, 3 - d i t h i a -  1 , 4 ,  6 - t r i a z a ­
p e n t a l e n e ,  T h io p h o s g e n e  g a v e  1, 3 - b i s ( 3 ,  4 - d i m e t h y l - 1, 2 , 4 -  
t h ia d ia z o l -  5 -  y l id e n e )  a c e t o n e .
(x i i )
F O R E W O R D
1 , 6 ,  6 a X ^ - T r i h e t e r a p e n t a l e n e s  m a y  be r e p r e s e n t e d  by  
f o r m u la  (I) , in  w h ic h  X  and Z a r e  h e t e r o a t o m s  o f  G r o u p s  V and  
V I, and Y i s  a s e c o n d -  o r  l o w e r - r o w  e l e m e n t  o f  G ro u p  V I.
S t r u c t u r a l ly  s i m i l a r  a z a  a n a lo g u e s  a r i s e  th r o u g h  r e p la c e m e n t  of  
X, Z, or  r in g  CH or  GR u n i t s  by  n i t r o g e n .  M an y  s u c h  a z a  
a n a l o g u e s ,  c o n ta in in g  up to  fo u r  n i t r o g e n  a t o m s ,  h a v e  b e e n  m a d e .
T h e  s t r u c t u r e  of  n u m e r o u s  t r i t h ia p e n t a le n e s  h a s  b e e n  
in v e s t i g a t e d  by  X - r a y  c r y s t a l l o g r a p h y ,  w h ic h  h a s  sh o w n  that th e  
c o m p o u n d s  a r e  p la n a r ,  w ith  the  t h r e e  su lp h u r  a t o m s  c o l l i n e a r ,  
and that s o m e  b o n d in g  i s  p r e s e n t  b e t w e e n  the  su lp h u r  a t o m s .
S e v e r a l  t h e o r i e s  o f  b on d in g  h a v e  b e e n  put f o r w a r d  to  e x p la in  th e  
u n iq u e  s t r u c t u r a l  f e a t u r e s  of  t r i t h ia p e n t a le n e  s .  T h e  m o s t  w id e ly  
a c c e p t e d  v i e w  i n v o k e s  th e  f o r m a t io n  of a f o u r - e l e c t r o n  t h r e e - c e n t r e  
bond , h o ld in g  a l l  t h r e e  s u lp h u r  a t o m s  t o g e t h e r .  A c c o r d in g  to  
th is  t h e o r y ,  the c e n t r a l  su lp h u r  a to m  c o n t r i b u t e s  tw o  e l e c t r o n s  
to  th e  bond , w h i le  the tw o  l a t e r a l  a t o m s  d o n a te  on e  e l e c t r o n  e a c h .
T h e  t r i t h ia p e n t a le n e  m o l e c u l e  a l s o  p o s s e s s e s  a lOfr - e l e c t r o n  s y s t e m .
R e v i e w s  of the  c h e m i s t r y  o f  t r ih e t e r a p ,e n t a le n e s  h a v e  b e e n  
w r i t t e n  by L o z a c ’h^, K l i n g s b e r g ^ ,  R e id ^  and B e e r ^  T h e
u n u s u a l  s t r u c t u r e  and b on d in g  in  t h e s e  c o m p o u n d s  w i l l  be d i s c u s s e d
m o r e  f u l ly  in  P a r t  1 o f  t h i s  t h e s i s .  l|
(x i i i )
T h e  a i m  of t h i s  r e s e a r c h  p r o j e c t  w a s  to  s y n t h e s i s e  n e w  
n i t r o g e n - c o n t a i n i n g  t r i h e t e r a p e n t a l e n e s ,  e s p e c i a l l y  c o m p o u n d s  
b a s e d  on s t r u c t u r e s  (II) and (IV ). T h e s e  c o m p o u n d s  d e v ia t e  f r o m  
th e  k n ow n  t r i h e t e r a p e n t a l e n e s  w ith  r e s p e c t  to  c e r t a i n  s t r u c t u r a l  
f e a t u r e s ,  and in  t h e ir  b o n d in g .
(II)





E x i s t i n g  t r i h e t e r a p e n t a l e n e s  p o s s e s s  a lOfT - e l e c t r o n  
s y s t e m ,  to  w h ic h  h e t e r o a t o m s  one and s ix  e a c h  c o n t r ib u t e  a p a ir  
o f  e l e c t r o n s  ( c f .  p y r r o l e ,  t h io p h e n e ) ,  ( f ig u r e  I ) .  C o n s i d e r a t i o n  
o f  f i g u r e  II s h o w s  that th e  n i t r o g e n  a to m  in  th e  t h r e e - c e n t r e  bond
n r r  n r rX Y Z X--------Y------- N:
f ig u r e  I f ig u r e  II
o f  a ty p e  (II) s t r u c t u r e  h a s  o n ly  one  e le c t r o n  a v a i la b l e  f o r  fV-bonding. 
F i g u r e  ( i l l) ,  w h ic h  r e p r e s e n t s  a ty p e  (IV) c o m p o u n d  s h o w s  th a t  both  
of th e  l a t e r a l  h e t e r o a t o m s  a r e  c a p a b le  o f  d o n a t in g  one  e l e c t r o n  e a c h  
to  the  r r - s y s t e m .  T h u s  c o m p o u n d s  of  t y p e s  (II) and (IV) w o u ld  b e
nr
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f ig u r e  III
(x iv )
n o v e l ,  in  th a t  t h e i r  t h r e e - c e n t r e  b on d ed  s e q u e n c e s  -would c o n ta in  
p y r i d in e - t y p e  n i t r o g e n .
L e s s  o b v i o u s ly ,  c o m p o u n d s  (II) m a y  be r e f o r m u la t e d  a s  
the  m o n o c y c l i c  s p e c i e s  (III). C o n c l u s i v e  e v id e n c e  a s  to  w h e th e r  
t h e s e  c o m p o u n d s  e x h ib i t  t h r e e - c e n t r e  b on d in g  (II), o r  a r e  m e r e l y  
s u b s t i tu te d  1, 2 ,  4 - t h i a d i a z o l e s  ( i l l)  i s  l i k e l y  to  b e  a s c e r t a i n e d  o n ly  
by  X - r a y  c r y s t a l l o g r a p h y .
E v e n t u a l ly ,  s t u d ie s  o f  th e  a f o r e m e n t io n e d  s y s t e m s  m a y  
i n c r e a s e  th e  s c o p e  o f  o u r  k n o w le d g e  of the  e x te n t  to  w h ic h  t h r e e -  
c e n t r e  b o n d in g  o p e r a t e s  in  h e t e r o c y c l i c  s y s t e m s .
IN T R O D U C T IO N
A .  S T R U C T U R A L  S T U D IE S O F
1 , 6 ,  6 a \^ - T R I H E T E R A P E N T A L E N E S
1, 6, 6 a X " ^ -T r ih e te r a p e n ta le n e s  h a v e  b e e n  e x te n s iv e ly -  
i n v e s t i g a t e d  u s in g  th e  t e c h n iq u e s  f o r  s t r u c t u r a l  a n a l y s i s .  In  
p a r t i c u l a r .  X - r a y  c r y s t a l l o g r a p h y  and n m r  s p e c t r o s c o p y  h a v e  
p la y e d  im p o r t a n t  r o l e s  in  th e  e lu c id a t io n  of t h e ir  s tr u c tu r e .
1. X -R a y  C r y s t a l l o g r a p h y
4 7C r y s t a l  s t r u c t u r e  d a ta  f o r  1 , 6 ,  6aX - t r i t h ia p e n t a le n e  ( i )
sh o w  th a t  th e  m o l e c u l e  i s  p la n a r ,  w ith  C^^ s y m m e t r y ,  and th at
the t h r e e  su lp h u r  a t o m s  a r e  c o l l i n e a r .  T h e  S - S  b o n d s  ( 2 . 3 6 3  M )
a r e  a p p r o x i m a t e ly  10% l o n g e r  than  the a v e r a g e  d i s t a n c e  fo r  a
c o v a le n t ,  t w o - e l e c t r o n  S - S  bond^ , ( 2 . 1 0  A) ,  but th e y  a r e
c o n s i d e r a b l y  s h o r t e r  than  th e  s u m  of th e  V an  d e r  W a a l ' s  r a d i i
o f  tw o  su lp h u r  a t o m s ^  ( 3 . 7 0  T h is  i n d i c a t e s  that s ig n i f ic a n t
and e q u a l  b o n d in g  i n t e r a c t i o n s  a r e  p r e s e n t  b e t w e e n  S (6a) and




T h e  C ( 2 ) - S ( l )  ( 1 . 6 8  R ) ,  C (5 ) -S (6 )  ( 1 . 6 8  Â )  and C (J a ) -S ( 6 a )  ( 1 . 7 5  R )
9d i s t a n c e s  l i e  b e t w e e n  the  l e n g t h s  o f  a c a r b o n - s u lp h u r  s in g lè  bond  
( 1 . 8 1 . ^ )  and a c a r b o n - s u lp h u r  d o u b le  bond^ ( 1 . 6 1  R ) , im p ly in g
2th a t  t h e s e  b o n d s  h a v e  a bond o r d e r  o f  g r e a t e r  than u n i ty .  T h e
bond le n g t h s  in  the  r e m a i n d e r  of  the c a r b o n  s k e le t o n  c l o s e l y
r e s e m b l e  t h o s e  found  in  n a p h th a le n e ^ ^ , w h ic h  p o s s e s s e s  an
a n a lo g o u s  lO T T -electron  s y s t e m ,
2, 5 - D im e t h y l  - 1 ,  6, 6a"X  ^- t r i t h ia p e n t a le n e  (2) h a s  m o l e c u l a r
d i m e n s i o n s  a p p r o x i m a t e ly  e q u a l  to  t h o s e  o f  th e  p a r e n t  c o m p o u n d ,
1 1 - 1 3and e x h ib i t s  s i m i l a r  s y m m e t r y  , O th e r  s y m m e t r i c a l l y
s u b s t i t u t e d  t r i t h ia p e n t a l e n e s  e g ,  (3)^^ , (4)^^, (5)^^ sh o w
17 18 19s y m m e t r y ,  but c o m p o u n d s  (6) , (7) and (8) h a v e  u n e q u a l
S - S  bond d i s t a n c e s ,  due to i n t e r m o l e c u l a r  e f f e c t s  w i t h in  the
c r y s t a l  l a t t i c e .
17In t r i t h ia p e n t a le n e  (6) , the  p h e n y l  g r o u p s  a r e  t w i s t e d  at
a n g l e s  o f  3 °  and 4 5 °  to  the  p la n e  o f  the  m o l e c u l e ,  p r e s u m a b ly
o w in g  to  w e a k  i n t e r m o l e c u l a r  i n t e r a c t i o n s .  A n  i s o l a t e d  m o l e c u l e
o f  (6) m ig h t  be  s y m m e t r i c a l .  C om p ou n d  (7)^^ i s  u n s y m m e t r i c a l
due to  a s t e r i c  c l a s h  b e t w e e n  the  b u lk y  p h e n y l  g r o u p s  w h ic h  a r e
in  c l o s e  p r o x i m i t y .  B o th  t y p e s  o f  f o r c e s  p r o b a b ly  g iv e  r i s e  to
19the  in e q u a l i t y  o f  th e  S - S  d i s t a n c e s  in  co m p o u n d  (8)
In g e n e r a l ,  t r i t h ia p e n t a l e n e s  w ith  i r r e g u l a r  s u b s t i tu t io n
20 21 22p a t t e r n s  h a v e  u n e q u a l  bond l e n g t h s  e g .  c o m p o u n d s  (9) , (10) ’ j
(11 )^ ^ , (12 )^ ^ , (13 )^ ^ , (14 )^ ^ , and (15)^^ . T h i s  i n d i c a t e s  th a t  
th e  S - S  d i s t a n c e s  a r e  s u s c e p t i b l e  to  i n t r a m o le c u l a r  p e r tu r b a t io n ,  
c a u s e d ,  fo r  e x a m p le ,  by  s u b s t i t u t io n .  A lth o u g h  th e  in d iv id u a l  
S - S  bond l e n g t h s  m a y  v a r y  by  up to  0 .4  th e  s u m  of the  
S ( l ) - S ( 6 a )  and S ( 6 a ) -S (6 )  bond  d i s t a n c e s  r e m a i n s  f a i r l y  c o n s ta n t  
at c a .  4 . 7 . ^ ,  s t e r i c  c l a s h e s  n o tw ith s ta n d in g .
P h P h  P h
(• 71 |. go 7» |.
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C r y s t a l  s t r u c t u r e  d e t e r m in a t i o n s  o f  o x y g e n ,  s e l e n i u m  
and n i t r o g e n  a n a lo g u e s  o f  1, 6 , 6 a \ ^ - t r i t h i a p e n t a l e n e s  c o n f ir m  
th e  p la n a r ,  b i c y c l i c  n a tu r e  o f  t h e s e  s p e c i e s .
T h e  S - S  and S - O  b ond  le n g t h s  in  o x y g e n  c o m p o u n d s  (16)  
and (17)^^  s h o w  that r e p l a c e m e n t  o f  su lp h u r  by o x y g e p  l e a d s  to  
a s t r o n g e r  S - S  i n t e r a c t i o n ,  and a w e a k e r  S -O  in t e r a c t i o n .
T h e s e  c o m p o u n d s  m a y  a l s o  b e  r e g a r d e d  a s  b i c y c l i c .  C om p ou n d






O S- 2118 2-034-
(18)
O
(18) h a s  a s h o r t e r  S -O  (2 .  034 Â) and a l o n g e r  S - S  (2 ,  178 .^)
bond le n g th  than  th e  o x a d i t h ia p e n t a le n e s  (16) and (1 7 ) ,  and i s
t h e r e f o r e  c o n s i d e r e d  to  be  b i c y c l i c .
31T h e  a z a  c o m p o u n d  (19) i s  u n s y m m e t r i c a l ,  p r o b a b ly  
o w in g  to i n t e r m o l e c u l a r  e f f e c t s  in v o lv in g  the  p h e n y l  g r o u p s .
T h e  S - S  bond  d i s t a n c e s  (2 .  319  -<§, 2 .  328  .^) a r e  s i m i l a r  to  t h o s e  
of th e  c o r r e s p o n d in g  t r i t h ia p e n t a le n e  (6)^^ ( 2 . 3 0 4  R,  2 . 3 6 2  R) , 
T h u s  it  m a y  b e  a s s u m e d  that c o m p o u n d  (19) i s  b i c y c l i c .
R e p la c in g  o n e  o r  both  of th e  l a t e r a l  su lp h u r  a t o m s  in  
a t r i t h ia p e n t a le n e  by  n i t r o g e n  h a s  a m o r e  m a r k e d  e f f e c t  on  
th e  c o r r e s p o n d in g  bond l e n g t h s ,  e g .  c o m p o u n d s  (2 0 ) ,  (2 1 ) .
In the  6, 6 a \ ^ - d i t h i a - 1 - a z a p e n t a l e n e  (20)^^ , the S - S - N  s e q u e n c e  i s  
a l m o s t  l i n e a r ,  w ith  a n S - N  bond  d i s t a n c e  of 1 . 8 7 1  R ( c i ,  the
t w o - e l e c t r o n  S - N  c o v a le n t  bond  d i s t a n c e ,  1 ; 74  Â ; s u m  of
Hi




V an  d e r  W a a l ' s  r a d i i  f o r  su lp h u r  and n i t r o g e n ,  3^35 ^  ) .
B o n d in g  t h e r e f o r e  e x i s t s  b e t w e e n  su lp h u r  and n i t r o g e n .  T h e
S - S  bond le n g th  ( 2 . 3 9 6  R )  i s  s h o r t e r  th an  the  S - S  d i s t a n c e  in
the c o r r e s p o n d in g  t r i t h ia p e n t a le n e  (11)  ( 2 . 4 9 9  R) • C o m p o u n d
33(21) s h o w s  s l ig h t  d e p a r t u r e  f r o m  s y m m e t r y ,  p r o b a b ly
b e c a u s e  o f  s t r a i n  in d u c e d  by  th e  t r i m e t h y l e n e  b r i d g e ,  and  
i n t e r m o l e c u l a r  c r y s t a l  f o r c e s .  T h e  a v e r a g e  S - N  bond le n g th  
(1 .  925 ^ )  a p p r o x i m a t e s  to  a 10% le n g th e n in g  of a  n o r m a l  S - N  
bond ( 1 . 7 4  R ) ^ ^  s u g g e s t i n g  th a t  th e  S - N  bond o r d e r  i s  s i m i l a r  
t o  the  S - S  bond o r d e r  found  in  t r i t h ia p e n ta le n e  s .
S t u d ie s  o f  the  1 , 2 - d i a z a  d e r i v a t i v e s  (22)^  and (23)^^  
in d ic a t e  that t h e s e  m o l e c u l e s  a r e  b i c y c l i c .  T h e  v a r ia t i o n  in  S - S  





b o n d in g  in  the  S - S - N  s e q u e n c e .
(23)
]N P h
H o r d v ik  h a s  s u m m a r i s e d  the data  f r o m  n u m e r o u s  o th e r
c r y s t a l  s t r u c t u r e  d e t e r m in a t i o n s  o f  t r i h e t e r a p e n t a l e n e s ,  w h ic h
21h a v e  b e e n  p u b l i s h e d  in  th e  l i t e r a t u r e
2 .  N M R  S p e c t r o s c o p y
T h e  n m r  s p e c t r a  o f  a l l  s y m m e t r i c a l l y  s u b s t i tu te d
1 , 6 ,  6 a \ ^  - t r i t h i a p e n t a l e n e 8^^' sh o w  th a t  t h e r e  i s  m a g n e t i c  
e q u iv a le n c e  o f  the  r in g  p r o t o n s  o r  s u b s t i t u e n t s  a t  C (2 )  and C( 5 ) ,  
and at C(3) and C (4 ) ,  in d ic a t in g  th a t  t h e s e  c o m p o u n d s  p o s s e s s  
r e a l  o r  t i m e - a v e r a g e d  C s y m m e t r y ,  in  s o lu t io n .  2 ,  5 - D ip h e n y l  
1, 6, 6 a X ^ - t r i t h ia p e n t a le n e  (6)^^ and 3 , 4 - d i p h e n y l - 1 , 6 , 6aX^ -  





h a v e  u n e q u a l  S - S  bond  l e n g t h s  in  th e  s o l id  s t a t e .  T r i t h ia p e n t a le n e
3 9 - 4 2a n a lo g u e s  ( 2 4 ) - ( 2 7 )  a l s o  sh ow  r e a l  o r  t i m e - a v e r a g e d  C 2v
s y m m e t r y  in  s o lu t io n .  T h e  s y m m e t r y  o b s e r v e d  i n  t h e s e  c a s e s  
m a y  b e  th e  r e s u l t  o f  i n t e r m o l e c u l a r  f o r c e s  b e in g  a v e r a g e d  out  












.43H o w e v e r ,  i t  h a s  b e e n  s u g g e s t e d  that t h is  e q u iv a le n c e
i s  c a u s e d  by th e  p r e s e n c e  of tw o  v a l e n c e  t a u t o m e r s , ( 2 8 )  and (29 ) ,
w h ic h  i n t e r c o n v e r t  r a p id ly  on the n m r  t im e  s c a l e ,  r e s u l t in g  in
t i m e - a v e r a g e d  s y m m e t r y .  V a r ia b le  t e m p e r a t u r e  n m r





d e p a r t u r e  f r o m  s y m m e t r y  at t e m p e r a t u r e s  dow n to  - 6 0  G.
T h is  c a n n o t  be r e g a r d e d  a s  c o n c l u s i v e  e v id e n c e  f o r  t im e - i n d e p e n d e n t  
s y m m e t r y ,  a s  t a u t o m e r s  (28) and (29) m a y  s t i l l  in t e r c o n v e r t  
r a p id ly  a t  lo w  t e m p e r a t u r e s ,  g iv in g  a t i m e - a v é r à g e d  s ig n a l .
8'
37R e id  and c o - w o r k e r s  h a v e  c o m p a r e d  th e  c h e m i c a l
sh i f t  of th e  2 -H  p r o t o n s  in  1, 6, 6 a \  -  t r i t h ia p e n t a l e n e s  w ith
the  c h e m i c a l  sh i f t  of the  t h io f o r m y l  p r o to n  in  s ta b le  h e t e r o c y c l i c  
4 6 , 4 7t h io a ld e h y d e  s T h e  t h io f o r m y l  p r o to n  d o e s  not  r e s o n a t e
at h i g h e r  f i e ld  th a n  B  1 0 . 2 ,  e v e n  w h en  the  t h io a ld e h y d e  i s  h ig h ly
+ -p o l a r i s e d  in  th e  s e n s e  R =C H -S . T h e  c h e m i c a l  s h i f t s  o f  the  
2 -H  p r o t o n s  in  t r i t h ia p e n t a l e n e s  g e n e r a l l y  o c c u r  in  th e  r e g io n  
6 8. 5 - 9 .  4 .  A lth o u g h  t h i s  i s  c o n s i s t e n t  w ith  e n v ir o n m e n t  (30)  
r a t h e r  than (31) ,  the  r e s o n a n c e  a t  <$8, 5 - 9 . 4  c o u ld  b e  the  a v e r a g e  
of  tw o s i g n a l s .
(30)
C h e m i c a l  s h i f t  v a l u e s  fo r  the  r in g  p r o t o n s  in  t r ih e t e r a -  
p e n t a le n e s  s u g g e s t  th e  p r e s e n c e  of a r in g  c u r r e n t ,  du e  to  
' f f - e l e c t r o n  d e l o c a l i s a t i o n .  F i g u r e  (1) s h o w s  th a t  d e s h i e l d i n g
Si'Zi sto5 57-45 7^ %
O- MeN
F i g u r e  (1). C h e m i c a l  s h i f t s  (ppm ) in  t r i h e t e r a p e n t a l e n e s .
r 4 8   ^ 4 9   ^ . 37 , ,  , , 5 0i n c r e a s e s  f r o m  o x a -  to  a z a -  to t h ia -  a n a lo g u e .  L o z a c ' h :
h a s  e s t i m a t e d  that th e  r in g  c u r r e n t  in  2 ,  5 - d i m e t h y l - 1, 6, 6 a \ ^ -
t r i t h ia p e n t a le n e  (2) i s  about 65% of that in  n a p h th a le n e .
13 51 52C n m r  s t u d ie s  ’ su p p o r t  th e  t h e o r y  that s y m m e t r i c a l l y
s u b s t i tu te d  t r i t h ia p e n t a l e n e s  h a v e  s y m m e t r y  in  s o lu t io n .
C a r b o n s  (2) and (5) ,  and (3) and (4), a r e  e q u iv a le n t .  A g a in ,  th e
p o s s i b i l i t y  that t h is  e q u i v a le n c e  i s  c a u s e d  by t im e  a v e r a g in g  of
tw o  d i f f e r e n t  s ig n a l s  c a n n o t  b e  d i s c o u n t e d .
3 . M i s c e l l a n e o u s  S p e c t r o s c o p i c  T e c h n iq u e s
53 54•C lark  and c o - w o r k e r s  * h a v e  s tu d ie d  v a r io u s  t r i t h ia ­
p e n t a l e n e s  in  th e  s o l id  s t a t e ,  u s in g  X - r a y  p h o t o e le c t r o n  s p e c t r o s c o p y  
to  m e a s u r e  the su lp h u r  m o l e c u l a r  c o r e  b in d in g  e n e r g i e s .  T h e  
v a l u e s  o b ta in e d  f o r  2 ,  5 - d i m e t h y l - 1, 6, 6 a \ ^ - t r i t h i a p e n t a l e n e  (2)  
and 1, 6, 6 a X ^ - t r i t h ia p e n t a le n e  ( l )  in d ic a t e  that t h e r e  a r e  tw o  t y p e s  
of su lp h u r  p r e s e n t  in  e a c h  c o m p o u n d ,  in  a 2:1 r a t io ,  and t h e r e f o r e  
that t h e s e  c o m p o u n d s  p o s s e s s  s y m m e t r i c a l  s t r u c t u r e s .  In  
c o n t r a s t ,  th e  su lp h u r  m o l e c u l a r  c o r e  b in d in g  e n e r g i e s  fo r  
t r i t h ia p e n t a l e n e s  (7) and (9) in d ic a t e  th e  p r e s e n c e  o f  t h r e e  t y p e s
Me
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of su lp h u r  in  t h e s e  tw o  c o m p o u n d s .  H e n c e  both  c o m p o u n d s  a r e  
un s y m m e t r i c a l  in  s t r u c t u r e .  C la r k ’s r e s u l t s  a r e  in  a g r e e m e n t  
w ith  X - r a y  c r y s t a l l o g r a p h i c  d a ta ,  w h ic h  s u g g e s t s  s y m m e t r i c a l  
s t r u c t u r e s  f o r  c o m p o u n d s  (1)^ and (2)  ^  ^ and un s y m m e t r i c a l
s t r u c t u r e s  f o r  c o m p o u n d s  ( 7)^^ and (9)^^ . H o w e v e r ,  the r e s u l t s
55 4of a s i m i l a r  s tu d y  by  L in d b e r g  im p ly  th a t  2 , 5 - d i m e t h y l - 1, 6, 6aA.
t r i t h ia p e n t a le n e  (2) h a s  an un s y m m e t r i c a l  s t r u c t u r e .
P e d e r s e n  h a s  r e c o r d e d  th e  m i c r o w a v e  s p e c t r u m  of 1 , 6 -
d i o x a - 6 a " \^ - t h ia p e n t a le n e  (32)^^ , and i t s  3 , 4 - d id e u t e r o  d e r iv a t i v e
(3 3 ) .  T h e  r o t a t io n a l  t r a n s i t i o n s  o b s e r v e d  in  v a r i o u s  d i f f e r e n t
v ib r a t io n a l  s t a t e s  e n a b le d  s e v e r a l  m o d e s  o f  v ib r a t io n  of  the
D D
(33)
m o l e c u l e s  to  be  a s s i g n e d .  T h e  r e s u l t s  w e r e  c o n s i s t e n t  w ith  C 2 v
s y m m e t r y .
In g e n e r a l ,  i n f r a r e d  and u l t r a v i o l e t  s p e c t r o s c o p y  a r e  of  
l i t t l e  v a lu e  in  d e t e r m in in g  the  s t r u c t u r e  o f  t r i h e t e r a p e n t a l e n e s .
11
B .  B O N D IN G  IN  1 , 6 ,  6 a * X ^ -T R IH E T E R A P E N T A L E N E S
4Any, a c c e p t a b l e  d e s c r i p t i o n  o f  the  b o n d in g  in  1 , 6 ,  6a7v - 
t r i h e t e r a p e n t a l e n e s  m u s t  e x p la in  the  u n iq u e  f e a t u r e s  o f  t h e s e  
s y s t e m s ,  n a m e ly ,  the  a p p r o x im a t e  c o l l i n e a r i t y  o f  th e  t h r e e  
h e t e r o a t o m s ,  th e  p la n a r i t y  of the  m o l e c u l e s ,  and th e  i n t e r -  
h e t e r o a t o m i c  d i s t a n c e s  w h ic h  in d ic a t e  a bond o r d e r  o f  l e s s  than
u n ity .  I
w u  • u T,  ^ . 1 1 , 5 4 , 5 7 - 7 0S e v e r a l  t h e o r i e s  h a v e  b e e n  p ro p o u n d e d
c o n c e r n in g  the  b o n d in g  in  s u c h  c o m p o u n d s ,  and h a v e  m e t  w ith
4v a r y in g  d e g r e e s  o f  s u c c e s s .  O ne d e s c r i b e s  l , 6 , 6 a A  - t r i t h i a ­
p e n t a l e n e s  a s  ’ s in g le  b o n d -n o  bond r e s o n a n c e '  c o m p o u n d s^ ^  
a n o th e r  r e p r e s e n t s  t h e m  a s  h a v in g  s u lp h o n iu m  y l id  s t r u c t u r e s ' ^ .
O th e r  p r o p o s a l s  r e q u i r e  v a l e n c e  s h e l l  e x p a n s io n  o f  th e  c e n t r a l  
h e t e r o a t o m  to  a l lo w  i t s  d - o r b i t a l s  to  p a r t ic ip a t e  in  CT"- bond ing^   ^ .
T h e  i n v o lv e m e n t  of d - o r b i t a l s  in  th e  b o n d in g  o f  1,6,  6aX^-
7 0t r i t h ia p e n ta le n e  w a s ,  fo r  s e v e r a l  y e a r s ,  a c o n t e n t io u s  i s s u e
H o r d v ik  et a l^  ^ in c lu d e d  d - o r b i t a l s  in  t h e i r  G N D O / 2  c a l c u l a t i o n s
of s u b s t i t u e n t  e f f e c t s ,  o b ta in in g  r e s u l t s  c o n s i s t e n t  w i t h  e x p e r i m e n t a l
65o b s e r v a t i o n s .  E a r l y  E x te n d e d  H u c k e l  C a l c u l a t i o n s  s h o w e d  that
c l o s e s t  c o r r e l a t i o n  w ith  o b s e r v e d  r e s u l t s  w a s  a c h i e v e d  w h en
d - o r b i t a l s  w e r e  u t i l i s e d ,  . , -
54 , 6 7 - 6 9R e c e n t l y  m o r e  s o p h i s t i c a t e d  c a l c u l a t io n s  , u s i n g
54ab in i t io  and C N D O  m e t h o d s  h a v e  r e fu te d  t h i s .  C l a r k  , and
12
68P a l m e r  and F in d la y  h a v e  in d e p e n d e n t ly  c o m p a r e d  th e  ground  
s ta te  e n e r g i e s  of 1, 6 , 6 à X ^ - t r i t h i a p e n t a l e n e s ,  bo th  in c lu d in g  and  
n e g l e c t i n g  3 d - o r b i t a l s ,  T h e y  c o n c lu d e  that d - o r b i t a l
4p a r t ic ip a t io n  on  su lp h u r  i s  not im p o r t a n t ,  both  in  1 , 6 ,  6aX -  
t r i t h ia p e n t a l e n e s ,  and in  o th e r  t r i h e t e r a p e n t a l e n e s .
T o d a y ,  the  m o s t  w i d e l y  a c c e p te d ^   ^ t h e o r y  of bond ing  in
1 , 6 ,  - t r i t h i a p e n t a l e n e s  i s  that of G le i t e r  and H o f f m a n n ^ T h i s  
p r o p o s e s  that the  t h r e e  su lp h u r  a t o m s  of  a 1 , 6 ,  6 a X ^ - t r i t h ia p e n ta le n e  
a r e  h e ld  t o g e t h e r  by a f o u r - e l e c t r o n  t h r e e - c e n t r e  b on d . T h r e e  
a t o m ic  p - o r b i t a l s ,  on e  f r o m  e a c h  of th e  su lp h u r  a t o m s ,  a r e  
c o m b in e d  to  f o r m  t h r e e  m o l e c u l a r  o r b i t a l s ,  one o f  w h ic h  i s  bon d in g ,  
one  n o n b o n d in g  and on e  a n t ib o n d in g .  T h e  e l e c t r o n  d e n s i t y  o f  the  
d o u b ly  o c c u p ie d  b o n d in g  m o l e c u l a r  o r b i ta l  i s  d e l o c a l i s e d  o v e r  a l l  |
t h r e e  c e n t r e s ,  w h e r e a s  the  n on b on d in g  o r b i t a l ,  a l s o  d ou b ly  o c c u p ie d ,  
h a s  i t s  c h a r g e  l o c a l i s e d  m a in l y  on  th e  l a t e r a l  a t o m s .  T h e  
a n t ib o n d in g  o r b i t a l  r e m a i n s  v a c a n t .  T h u s ,  to  a f i r s t  a p p r o x im a t io n ,  
t h e  t h r e e  c e n t r e s  a r e  h e ld  t o g e t h e r  by  tw o e l e c t r o n s .  T h is  i s  
c o n s i s t e n t  w ith  th e  u n u s u a l ly  lo n g  S - S  bond l e n g t h s  o b s e r v e d  ( s e e  
S e c t i o n  A ) .  A d d i t io n a l ly ,  1, 6, 6 a ^ ^ - t r i t h ia p e n t a le n e s  p o s s e s s  
1 0 fr - e l e c t r o n  s y s t e m s .  E a c h  c a r b o n  a t o m ,  and th e  c e n t r a l  
su lp h u r  a t o m  p r o v id e  oæ e l e c t r o n ,  and the  tw o  l a t e r a l  su lp h u r  
a t o m s  e a c h  c o n t r ib u t e  a p a ir  of e l e c t r o n s  to  the  fr - s y s t e m .
T h e  s t a b i l i s a t io n  o f  the  t h r e e - c e n t r e  bond by t h i s  fr -b o n d in g  s y s t e m  
i s  e x p e c t e d  to  b e  s l ig h t ,  a s  the e q u i l ib r iu m  d i s t a n c e  f o r  the  
t h r e e - c e n t  r e  bond i s  r e a c h e d  at  a s ta g e  w h e r e  pTr -p ir  o v e r la p  
i s  s m a l l .  T h u s  the  1, 6, 6 a X ‘^ - t r i th ia p e n t a le n e  s y s t e m  m a y  be
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r e p r e s e n t e d  by  f o r m u la  (34) o r  (3 5 ) .  G le i t e r  and H o ffm a n n 's
OTO lotr :
(34) (35)
t h e o r y  c a n  b e  u s e d  to e x p la in  the  b on d in g  in  a l l  t r i h e t e r a p e n t a l e n e s  
. s y n t h e s i s e d  to  d a te .
T h e  c o n c e p t  o f  e l e c t r o n - r i c h  t h r e e - c e n t r e  b o n d in g  i s  w e l l
7 1 , 7 2  . . .  ^  ^ _  -  7 3 , 7 4  -  7 5 , 7 6k n o w n  in  in o r g a n ic  c h e m i s t r y ,  e g .  B r ^  , ,
-  77  78(S e C N )” ’ , e x h ib i t  t h i s  p h e n o m e n o n .  In  th e  l i n e a r  t r i i o d id e
io n ,  the  t h r e e  io d in e  a t o m s  h a v e  bond l e n g t h s  w h ic h  a r e  
a p p r o x i m a t e ly  9% lo n g e r  th an  th e  I - I  d i s t a n c e  found  in  m o l e c u l a r  
i o d in e ^ ^ ’ ^^. 1 , 6 , 6a A ^ - T r i t h ia p e n t a l e n e s  sh o w  a r o u g h ly  
e q u iv a le n t  d e g r e e  o f  bond l e n g t h e n in g ,  in  c o m p a r i s o n  w ith  the  
n o r m a l  S - S  d i s t a n c e s  ( s e e  S e c t i o n  A ) .
14
G . SY N T H E S IS  O F  1 , 6 ,  6sJX -T R I H E T E R A P E N T A L E N E S
T h e  w o r k  d e s c r i b e d  in  t h i s  t h e s i s  i s  c o n c e r n e d  w ith  
the  s y n t h e s i s  o f  n i t r o g e n - c o n t a i n i n g  t r i h e t e r a p e n t a l e n e s .  T h e  
m o r e  im p o r t a n t  s y n t h e t ic  r o u t e s  to  t h e s e  c o m p o u n d s  a r e  
s u m m a r i s e d  h e r e ,
A z a p e n t a l e n e s  a r e  f r e q u e n t ly  p r e p a r e d  f r o m  t r i t h i a ­
p e n t a l e n e s .  T h e  m o s t  c o n v e n ie n t  g e n e r a l  s y n t h e s e s  of t r i t h i a ­
p e n t a l e n e s  a r e  t h e r e f o r e  in c lu d e d  in  t h i s  s e c t i o n .
1. S y n t h e s i s  o f  1 , 6 ,  6a % ^ - T r i th ia p e n t a le n e s
a .  F r o m  1 , 3 ,  5 - T r i o n e s
1 , 3 ,  5 - T  r i o n e s  (36) r e a c t  w ith  p h o s p h o r u s  p e n t a s u lp h id e  







1 , 6 , 6aX “t r i t h ia p e n t a l e n e s  h a v e  b e e n  p r e p a r e d  u s in g  t h i s  
,7 9 - 8 3m e th o d Y i e l d s  a r e  v a r ia b le .
b .  F r o m
T h e  3 -m e th y l(e n e )  g r o u p  in  1, 2 - d i t h io l iu m  s a l t s  (38)  
i s  a c i d i c , and c o n d e n s e s  w ith  d im e th y l th io f -o r m a m id e  in  




CIO c i o -4
(38) (39) (40)
T r i t h ia p e n t a l e n e s  (40) a r e  o b ta in e d  by t r e a t in g  t h e s e  s a l t s  w ith
37s o d iu m  h y d r o g e n  s u lp h id e
R e id ^ ^  h a s  s y n t h e s i s e d  1, 6 , 6a" X ^ -tr ith iap en ta len e  (4 5) 
f r o m  ^ - p y r o n e  ( 4 1 ) ,  T h io n a t io n  of c o m p o u n d  (41) g a v e  




K F e ( C N ) ,





io n  and the  r e s u l t in g  a n io n  (4 3) w a s  c o u p le d  o x i d a t i v e ly  w ith
p o t a s s i u m  f e r r i c y a n i d e ,  p r o d u c in g  th e  o x a d i th ia p e n ta le n e  (4 4 ) .
S u b s e q u e n t  th io n a t io n  o f  c o m p o u n d  (44) w ith  p h o s p h o r u s
p e n t a s u lp h id e  g a v e  th e  t r i t h ia p e n t a le n e  (4 5 ) .
4 H - T h io p y r a n ~ 4 - t h i o n e s  (4 6) u n d e r g o  s i m i l a r  r in g - o p e n in g





^ c h e m e  1
2. S y n t h e s i s  o f  N i t r o g e n - C o n t a i n i n g  1 , 6 ,  6s J X ^ - T r ih e te r a p e n t a le n e s
a . T  e n ^ l ^ n  e s  JC o r ^ ^ n i i ^  Rg® 9%.
1, 6 a X ^ - D i t h i a - 6 - a z a p e n t a l e n e s  (47) a r e  c o n v e n ie n t ly  
,4 9 ,  86sy n th e  s i s e d by t r e a t in g  th e  V i l s m e i e r  s a l t s  (39) w ith
M e N H
X “
N M e
( j 9 ) (47)
m e t h y l a m i n e .  T r i t h ia p e n t a l e n e s  (4 8 ,  R =H, Ph) r e a c t  w ith  





87t h e s e  s a l t s  w i th  p r i m a r y  a m i n e s  g i v e s  c o m p o u n d s  (50)
R  P h
Ph
R Ph r " P h
M e l
S S S-
? TOR  N H 2
S+ SM e  I"
(4 8) (49) (50)
R e a c t io n  of  t r i t h ia p e n t a l e n e s  (4 8) w ith  su lp h u r  d i c h lo r i d e  
g a v e  i n t e r m e d i a t e s  w h ic h  w e r e  n o t  c h a r a c t e r i s e d ,  but on
2 gyt r e a t m e n t  w ith  a n i l in e  t h e y  y i e ld e d  c o m p o u n d s  (5 0 ,  R  =Ph)
T r i t h ia p e n t a l e n e s  (37) a r e  l e s s  r e a c t i v e  t o w a r d s  m e t h y l  io d id e
th a n  t r i t h ia p e n t a l e n e s  (4 8) ,  and a r e  S - e t h y l a t e d  by  th e  m o r e
44p o w e r f u l  a lk y la t in g  a g e n t  t r i  e th y l  o x o n iu m  f lu o r o b o r a t e  . T h e
PhN:
S E t •NPh
B E4
(37) (51) (52)
r e s u l t i n g  s a l t s  (51) r e a c t  w ith  a n i l in e  to  g iv e  th e  1 , 6cTX.^-dithia- 
6 - a z a p e n t a l e n e s  (5 2 ) .  C o m p o u n d s  (5 3 ,  X = 0 , S )  r e a c t  d i r e c t l y




w ith  p r i m a r y  a m i n e s ,  f o r m i n g  1 , 6^ ^ - d i t h i a - 6 - a z a p e n t a l e n e s
A c e t y l e n e s  r e a c t  w i th  1, 2 ,  4 - d i t h i a z o l e - 3 - t h i o n e
88w ith  r e a r r a n g e m e n t ,  to  g iv e  a z a  c o m p o u n d s  (55)
1 I A.rCECH
S---------- s  ----------------^
Ar -N
T J
^ P h  
S
(54) (55)
T h e  r e a c t io n  o f  1, 2 - d i t h i o l i u m  s a l t s  (56) w ith  b e n z o y l  c h lo r id e  
o r  1, 2 - d i t h i o l e - 3 - t h i o n e s  (57) w ith  b e n z o y l  i s o t h i o c y a n a t e  g iv e s
A r,% ::^ ^ N H . Ar




N ,P h' P h C O N C S  ^  ^^ ---------------
(57)
r i s e  to  th e  p r o d u c t s  (5 8 )^ ^ ’ T h io n a t io n  of  c o m p o u n d s
(58) g i v e s  1 , 6 , 6 a X ^ - t r i t h i a ~ 3 - a z a p e n t a le n e s  (5 5 ) .  T h e  s a l t s
88(56) r e a c t  w ith  i s o ( t h i o ) c y a n a t e s  f o r m i n g  c o m p o u n d s  (5 9 ,  X = 0 , S )
Ar




b . T r i h e t e r a p e n t a l e n e s  C o n ta m in e  T w o  N i t r o g e n  A t o m s
I so th ia z o l iu m  s a l t s  (6 1 ) ,  fo r m e d  by the t r e a tm e n t  of  
1 , 6 a X ^ -d i th ia -6 -a z a p e n ta le n e s  (60) with m e th y l  io d id e ,  r e a c t  
w ith  m e th y la m in e  to g iv e  6 a \ ^ - t h i a -  1, 6 -d ia z a p e n ta le n e s  (62)^^.
M e N H
MeN
R  R
SM e MeN -N M e
(62)
5 - F o r m y l i s o t h i a z o l e  (63) reacts  w ith  th e  p h o s p h o n iu m  y l id  (64)
in  a W it t ig  r e a c t i o n  t o  g iv e  c o m p o u n d  ( 6 5 ) ,  N - M e t h y l a t io n  of
t h i s  c o m p o u n d  w ith  m e t h y l  f lu o r o s u lp h o n a t e  f o l l o w e d  b y  r e a c t io n




(64) O M e
(65) c i s  and t r a n s
M eN H
(65)
MeN' •NMeMeN- S-f O M e
c i s  and t r a n s ( 66)
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1, 2 - D i t h i o l iu m  s a l t s  (38)  r e a c t  w ith  a r e n e d ia z o n iu m  





S S  N A r
(67)
1, 6 , 6aX - T r i t h i a - 3 ,  4 - d i a z a p e n t a l e n e s  (69) h a v e  b e e n
s y n t h e s i s e d  by  th io n a t in g  N , N ' - d i a r o y l - S - m e t h y l i s o t h i o u r e a s
9 2 , 9 3( 68 ) w ith  p h o s p h o r u s  p e n t a s u lp h id e T h io n a t io n  o f  









th at  a r y l i  s o th io c  y a n a te  s r e a c t e d  w ith  c o m p o u n d  ( 7 0 ) .  On  
b e in g  h e a t e d ,  th e  3 , 4 - d i a z a  a n a lo g u e s  (71) w e r e  o b ta in e d .
A r N H j ^  SNSIHArI.
(70) (71)
95O l i v e r  s y n t h e s i s e d  s i m i l a r  c o m p o u n d s  (7 3 ) ,  b y  a l lo w in g  the
I
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s a l t  (7 2) to r e a c t  w ith  i s o t h i o c y a n a t e  s .
Me . H B r  MSL
R N C S N H R
(72) (73)
c .  T r i l ^ W r a ^ e n ^ ^ n e ^  T h r e e  N i t r o g e n A t o m s
6a \ ^ - T h i a - 1 , 2 ,  6 - t r i a z a p e n t a l e n e s  (74) a r e  f o r m e d  
d ir e c t ly ^ ^  b y  th e  a c t io n  of  m e t h y la m in e  on  6 , 6a X ^ - d i t h ia - 1 , 2 
d i a z a p e n t a l e n e s  ( 6 7 ) .
R R





- S -  N M e
(74)
96In  a n e w  s y n t h e s i s  , 1, 6 - d i a z a  c o m p o u n d s  (75) c o u p le d  w ith  
a r e n e d ia z o n i u m  f l u o r o b o r a t e s  to  f o r m  the  1 , 2 , 6 - t r i a z a  c o m p o u n d s  
(7 6 ) .  A m e t h y l im in o m e t h y l  g r o u p  w a s  e l im in a t e d  d u r in g  t h i s  
r e a c t i o n .
MeN N M e
A r N ^ F
----------- -5*- MeN N A r
(75) (7 6)
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90R e id  and C z y z e w s k i  h a v e  r e c e n t l y  d e v e lo p e d  s y n t h e s e s  of  
OsuX-thia- 1, 2, 6 - t r i a z a p e n t a l e n e s  f r o m  o x a t h ia d ia z a p e n t a le n e s  
( s e e  S c h e m e  2) and f r o m  5 - f o r m y l i s o t h i a z o l e  ( S c h e m e  3 ) .
O S




C l  S  N P h  M eN
S c h e m e  2
N




N S H N R
S c h e m e  3
M e
M e N  H N RT
F SO J
d . T r i h e t e r a p e n t a l e n e s  C o n ta in in g  F o u r  N i t r o g e n  A t o m s
6a A ^ - T h i a - 1, 2 , 5 ,  6 - t e t r a a z a p e n t a l e n e s  (78) h a v e  b e e n  
r e c e n t l y  p r e p a r e d ^  by t r e a t in g  c o m p o u n d s  (77; X = 0 ,  N M e)  
w ith  a r e n e d ia z o n i u m  t e t r a f l u o r o b o r a t e s .
23
r ^




97A n e w  s y n t h e s i s  by  V i a l l e  u s e s  b i s - p h e n y lh y d r a z o n e s  (7 0 ) ,  
w h ic h ,  w h e n  t r e a t e d  with, su lp h u r  d i -  o r  m o n o c h lo r i d e ,  p r o d u c e  






e ,  T r i h e t e r a p e n t a l e n e s  C o n ta in in g  E x o c y c l i c  D o u b le  B o n d s
98A n  X - r a y  c r y s t a l  s t r u c t u r e  d e t e r m in a t io n  of  th e  ad d u ct
99of c o m p o u n d  (80) w ith  p h e n y l i  s o th io c  y a n a te  h a s  sh o w n  th a t  th e
p r o d u c t  i s  the  t r i t h ia d ia z a p e n t a le n e  d e r iv a t iv e  (8 1 ) .
NH
+





W h en  the m e th o d  u s e d  f o r  the  p r e p a r a t io n  of c o m p o u n d  (81) w a s
99a p p l ie d  to  the  di su lp h id e  (8 2 ) ,  c o m p o u n d  (83) w a s  o b ta in e d
HN-
SSC H ^ P h
P h N C S
N P hPhN-
(82) (83)
C o m p o u n d s  (81) and (83) a r e  n o v e l  in  that t h e y  a r e  e x a m p le s  o f
t r i h e t e r a p e n t a l e n e s  c o n t a in in g  e x o c y c l i c  d ou b le  b o n d s .  T h e y
h a v e  b e e n  d e s c r i b e d  a s  d e r i v a t i v e s  o f  a h y p o t h e t ic a l  t e tr a h y d r o -  
4 61, 6 , 6a"X - t r i h e t e r a p e n t a l e n e  .
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D .  A N A L O G U E S  O F 1, 6 , 6a X ^ -T R I H E T E R A P E N T A L E N E S  
B A S E D  O N TH E 1, 2 , 4 -T H I A P I A Z O L E  S Y S T E M
A  n u m b e r  of c o m p o u n d s  w h ic h  h a v e  b e e n  d e s c r i b e d  in  
the  l i t e r a t u r e  a s  1 , 2 , 4 - t h i a d i a z o l e s  m a y  b e  r e f o r m u la t e d  a s  
t r i h e t e r a p e n t a l e n e s .  T h i s  s e c t i o n  d e s c r i b e s  the  p r e p a r a t i o n  
of t h e s e  c o m p o u n d s .
1. 3 - ( 2 - P y r i d y l i m i n o ) -  3H - [ 1 , 2 , 4  i T h i a d l a z o l o  [4 ,  3 - a  i P y r i d i n e s  
and  R e la t e d  C o m p o u n d s
P o t t s  and A r m b r u s t e r h a v e  p r e p a r e d  a  s e r i e s  o f  
c o m p o u n d s  w h ic h  t h e y  f o r m u la t e d  a s  3 - ( 2 - p y r id y l i m i n o ) ~ 3 H -  
[1 ,  2 , 4  J th ia d ia z o lo  [4 , 3 - a  J p y r id in e s  (85), b y  t r e a t in g  s u b s t i tu te d  




p r e s e n c e  of b a s e .  T h e  s c o p e  o f  t h i s  s y n t h e s i s  w a s  ex ten d ed ^  
by a l lo w in g  the  i n t e r m e d ia t e  ( 86)  ^ to  r e a c t  w ith  o th e r  
2 - a m i n o p y r i d i n e s  (8 7 ) .  T h e  p r o d u c t s  ( 88) m a y  b e  r e f o r m u la t e d
26




a s  t r i h e t e r a p e n t a l e n e - t y p e  s t r u c t u r e s ,  e g .  ( 89) i s  r e f o r m u la t e d  








2 - A m in o p y r i m id i n e  r e a c t e d  w i th  p e r c h lo r o m e t h y l  m e r c a p t a n ,  
to  g iv e  the  i n t e r m e d ia t e  ( 91 )» w h ic h  s u b s e q u e n t ly  r e a c t e d  w ith
N H S C C l
(91)
N . .N .
- s
(92)
1032 - a m i n o p y r i d i n e s ,  to  f o r m  th e  p r o d u c t s  (92)  . H o w e v e r ,
co m p o u n d  (94)^p r e p a r e d  f r o m  3 - a m i n o - 5 - m e t h y l i s o x a a o l e  (93)
27








on t r e a t m e n t  w ith  2 - a m i n o p y r i d in e s
C o m p o u n d  (95) u n d e r w e n t  a D im r o t h  r e a r r a n g e m e n t  







c h l o r i d e , t o  th e  p r o d u c t  ( 9 6 ) ,  P o t t s  f o r m u la te d  t h i s  c o m p o u n d  
a s  th e  t r i h e t e r a p e n t a le n e  ( 96) ,  b e c a u s e  th e  n m r  s p e c t r u m  
s h o w e d  o n ly  tw o  s i g n a l s  f o r  th e  fo u r  m e t h y l  g r o u p s .  H a r r is ^ ^ ^  
had p r e v io u s ly  s y n t h e s i s e d  a s i m i l a r  c o m p o u n d  (97) ( s e e  S c h e m e  4 ) ,  
H e to o  r e p r e s e n t e d  h i s  p r o d u c t  a s  a t r i h e t e r a p e n t a l e n e .
H,N-
H
S N v ^ ^ ^ lN a O A c ^
ISK
(97)
S c h e m e  4
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2 . 5 - I m i n o -  1, 2 ,  4 - T h i a d i a z o l e  D e r i v a t i v e s
1 0 7 - 1 0 9G o e r d e l e r  and c o w o r k e r s  
d e r i v a t i v e s  of th e  1, 2 , 4 - t h i a d i a z o l e  (9 8 ) .  A c y l a t i o n
s y n t h e s i s e d  s e v e r a l  
107
r e s u l t e d  in  the  f o r m a t io n  o f  p r o d u c t s  f o r m u la t e d  a s  (9 9 ,  R = M e ,P h ,E t O )
107w h i le  the r e a c t i o n  w ith  p h e n y l  i s o t h io c  y a n a te  in  p e t r o l e u m  
a c o m p o u n d  f o r m u la t e d  a s  ( 100) ,






'> ,N H P h
(98) (99) ( 100)
107N i t r o s a t i o n  w ith  s o d iu m  n i t r i t e  in  d i lu te  h y d r o c h l o r ic  a c id  
g a v e  p r o d u c t s  d e s c r i b e d  a s  n i t r o s o  c o m p o u n d s  (1 0 2 ,  R = H ). T h e  
a c t io n  of d ia z o m e th a n e ^ ^ ^  on  5 - n i t r o s a m i n o -  1 , 2 , 4  - t h i a d i a z o le  s 
( 1 0 1 , R = P h ,  PhC H ^) s e r v e d  a s  an  a l t e r n a t iv e  r o u te  to c o m p o u n d s
H Me-N
O Et^O I
( 101) ( 102 )
of  t h i s  t y p e .  D i a z o m e t h a n e  r e a c t e d  w ith  an  a l c o h o l i c  so lu t io n  of  









T h e  f o r e g o in g  p r o d u c t s  can. a l t e r n a t i v e l y  be  r e p r e s e n t e d  a s  
b i c y c l i c  s p e c i e s ,  e g .  (102)  c a n  b e  r e f o r m u la t e d  a s  (1 0 5 ) .
MerN S  O
(105)
110A n  X - r a y  c r y s t a l  s t r u c t u r e  d e t e r m in a t io n  o f  the
111ad d u ct  of c o m p o u n d  (106) w ith  p h e n y l  i s o t h i o c  y a n a te  h a s  sh o w n




*>4th e  c o m p o u n d  to  b e  the  l , 6a A  - d i t h i a - 6 - a z a p e n t a l e n e  d e r i v a t i v e  (107)
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3. R e a r r a n g e m e n t s  I n v o lv in g  T r i h e t e r a p e n t a le n e  I n t e r m e d ia t e s
A k ib a  h a s  s tu d ie d  th e  r e a c t i o n  of  the  i m i n e s  (108) w ith  
112i m i d a t e s  (109) . T h e  e x p e c t e d  p r o d u c t  (110) w a s  n o t  i s o l a t e d ,
1 2  3X-R ay s t r u c t u r a l  a n a l y s i s  of th e  p r o d u c t ,  w h e r e  R  =R =R =Me  
s h o w e d  th a t  c o m p o u n d  (112) w a s  o b ta in e d .  A k ib a  e x p la in e d  t h is  
r e s u l t  in  t e r m s  o f  a b o n d - s w i t c h  r e a r r a n g e m e n t .  H e p o s tu la te d  
th a t  th e  e x p e c t e d  p r o d u c t  ( 110 ) w a s  f o r m e d ,  th e n  r e a r r a n g e d  to  
g iv e  c o m p o u n d  ( 112) ,  v ia  th e  t r i h e t e r a p e n t a l e n e - t y p e  in t e r m e d ia t e  
( i l l ) .  In  t h i s  ty p e  o f  r e a r r a n g e m e n t ,  the  su lp h u r  a t o m  f r o m  the  
o r ig i n a l  h e t e r o c y c l i c  r in g  i s  in c o r p o r a t e d  in to  th e  n e w l y - f o r m e d  
r in g .









N — - s --------- NH
( 1 1 1 )
R
R'1 ^ N - N"YH N  S  ~*N
( 112)
113H o w e v e r ,  G o e r d e l e r  h a s  show n that th e  im in e  (1 0 8 ,
1 2R  =R =Me) r e a r r a n g e s ,  a l b e i t  on  p r o lo n g e d  h e a t in g  and in  lo w
y i e l d ,  to  g iv e  c o m p o u n d  (1 1 3 ) .  R e a c t io n  of c o m p o u n d  (113) w ith  





w ith o u t  a bond s w itc h  ta k in g  p l a c e .  T h e  v a l id i t y  o f  th e  c r y s t a l  JÏ:1 2  3 ÿs t r u c t u r e  d e t e r m in a t io n  of  c o m p o u n d  (1 1 2 ,  R  =R =R =Me) and #
t h e r e f o r e  th e  bond s w i tc h  t h e o r y  a r e  both o p e n  to  q u e s t io n ,  in  ^
'i
t h i s  c a s e .  1
%
■ T h e  X - r a y  c r y s t a l  s t r u c t u r e  d e t e r m in a t io n  of  c o m p o u n d  
1 2  3(112  , R  =R =R =M e) s h o w s  that th e  m o l e c u l e  i s  a p p r o x i m a t e ly
p la n a r ,  w ith  S - N  and S -N H  d i s t a n c e s  o f  1 . 668  R and 2 . 5 0 0  R
r e s p e c t i v e l y .  A k ib a  r e g a r d e d  t h i s  p la n a r i t y  and th e  H N -S
s e p a r a t io n  a s  i n d ic a t iv e  o f  an i n t r a m o le c u l a r  N* • • *S in t e r a c t i o n ,
114w h ic h  he  r e p r e s e n t e d  b y  a d o tted  l i n e .  H o w e v e r ,  G L s m s e r  e t  a l  
h a v e  p r e s e n t e d  a c o r r e l a t i o n  o f  S - N  d i s t a n c e  w ith  S - N  bond o r d e r ,  
w h ic h  s u g g e s t s  th at  the  S - N  bond o r d e r  b e c o m e s  z e r o  at an  
i n t e r a t o m i c  d i s t a n c e  of c a .  2 . 0  R,  If t h i s  c o r r e l a t i o n  i s  v a l id  
t h e r e  a r e  no g r o u n d s  f o r  s u g g e s t i n g  th at  t h e r e  i s  a n y  s ig n i f i c a n t  
S* • • *N b o n d in g  i n t e r a c t i o n  in  c o m p o u n d  ( 1 1 2 ) .
A k ib a  h a s  found o th e r  e x a m p le s  of bond s w i tc h  r e a r r a n g e ­
m e n ts ^ ^ ^ ,  in c lu d in g  the  r e a c t io n  of c o m p o u n d  (112) w ith  M e e r w e i n ’s. . • -
r e a g e n t ,  v ia  the  p r o p o s e d  in t e r m e d ia t e  (114), to  g iv e  c o m p o u n d  (1 1 6 ) .
T h e  s t r u c t u r e  o f  c o m p o u n d  (115) w a s  c o n f ir m e d  by  an  u n e q u iv o c a l  
s y n d e s i s  f r o m  c o m p o u n d s  (108) and (1 1 6 ) . :
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T h e  r e a c t i o n  of th e  I m i n e s  (108) w ith  a c t iv a t e d  a c e t y l e n e s  
a p p a r e n t ly  i n v o l v e s  a  bond sw itch ^   ^ N o  d e t a i l s  h a v e  b e e n  g iv e n  
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A k ib a  a l lo w e d  c o m p o u n d  (118) to  r e a c t  w ith  M e e r w e i n ' s  
r e a g e n t ,  g iv in g  a p r o d u c t  f o r m u la t e d  a s  (119)  ^ X - R a y
c r y s t a l lo g r a p h y  h a s  sh o w n  that th e  N - S  bond l e n g t h s  a r e  1 ,9 8 4  R  
and 1 . 833 R,  N o  f u r t h e r  d e t a i l s  h a v e  b e e n  p u b l i s h e d .  T h e  
c o m p o u n d  m a y  t h e r e f o r e  b e  r e g a r d e d  a s  a t r i h e t e r a p e n t a le n i u m  
s a l t .
Me / M e  \
W n  S-------- NM e /
B F ,
»
N S N M e
( 118) ( 119)
A k ib a  h a s  c la i m e d  th a t  the  b a s e s  (12b) f o r m  s a l t s  (121) v ia  
1 l ê  1bond s w i tc h in g  . T h i s  c l a i m  i s  b a s e d  on  r a th e r  l im i t e d  H n m r  1
1s p e c t r o s c o p i c  e v i d e n c e ,  w h ic h  s h o w s  th a t  the  N H  p r o t o n  c o u p l e s  w ith 1
th e  m e t h y l  g r o u p  on  th e  a d ja c e n t  c a r b o n ,  and th at  t h r e e  o f  th e  i
m e t h y l  g r o u p s  in  s a l t  (1 2 1 ) ,  i t s  N - m e t h y l  and N , N - d i m e t h y l  1
d e r i v a t i v e s  h a v e  v e r y  s i m i l a r  ^ v a l u e s .  T h e  u l t r a v i o l e t  s p e c t r u m  
o f  s a l t  ( 121) s h o w s  a r e d  s h i f t  and h y p e r c h r o m i s m ,  c o m p a r e d  w ith  Î
b a s e  ( 1 2 0 ) .  A k ib a  b e l i e v e s  th a t  t h i s  c l e a r l y  d e m o n s t r a t e s  th e  |
p r e s e n c e  of a s a l t  c o n t a in in g  a  t h ia d ia z o l iu m  io n .  A d d it io n  o f  #
a h a l f  m o la r  a m o u n t  of t r i f l u o r o a c e t i c  a c id  (T F A ) to  b a s e  (120)  in  I
C D C l^ /D M S O -D ^  g a v e  o n ly  t h r e e  m e t h y l  s i g n a l s ,  A l i n e a r  
r e la t io n s h ip  w a s  o b s e r v e d  b e t w e e n  the  c h e m i c a l  s h i f t  o f  o n e  o f  
the  m e t h y l  g r o u p s ,  and the  a m o u n t  o f  T F A  a d d e d .  T h e s e  f a c t s
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s u g g e s t e d  th a t  c o m p o u n d s  ( 120 ) and ( 121) w e r e  e q u i l ib r a t in g
r a p id ly .  O n th e  b a s i s  o f  t h i s  in fo r m a t io n  a lo n e ,  A k ib a  p r o p o s e d
the f o r m a t io n  of i n t e r m e d i a t e  (122).. H e  a s s u m e d  that the  N - S - N
d i s t a n c e s  in  c o m p o u n d s  ( 122) and ( 119) w e r e  e q u iv a le n t  , and
u s e d  t h is  i n f o r m a t io n  to  d r a w  f u r t h e r  c o n c l u s i o n s .  T h e s e  a r e
in v a l id ,  a s  h i s  a s s u m p t i o n  about the  bond l e n g t h s  i s  t o t a l ly
w ith o u t  j u s t i f i c a t i o n .  It  m u s t  a l s o  be  n o ted  th a t  a t t e m p t s  to
p r e p a r e  t r i h e t e r a p e n t a l é n e s  c o n ta in in g  the  -N H  u n it  in  th e  3 - c e n t r e
117b ond ed  s e q u e n c e  h a v e ,  to  d a t e ,  p r o v e d  u n s u c c e s s f u l
118A k ib a  r e p o r t e d  that th e  r e a c t io n  p r o d u c t s  o f  H e c t o r ’ s 
b a s e s ,  f o r m u la t e d  a s  (123), w ith  a r y l  c y a n a m id e s  w e r e  th e  t r i h e t e r a -  
p e n t a le n e  d e r i v a t i v e s  ( 1 2 4 ) .  H e d r e w  t h i s  c o n c l u s i o n  m a in l y  on
Ar
H N  S
(123)






the r a t h e r  w e a k  b a s i s  of u l t r a v i o l e t  and in f r a r e d  s p e c t r a l
c o m p a r i s o n s  w ith  o th e r  h e t e r o c y c l i c  s y s t e m s ,  and f r o m  th e
m a s s  s p e c t r a  o f , c o m p o u n d s  ( 1 2 4 ) .  S im ila r ,  c o m p o u n d s ,  w e r e
a p p a r e n t ly  o b ta in e d  a s  b y p r o d u c t s  in  o th e r  r e a c t i o n s  o f  H e c t o r ' s  
119b a s e s
A n  X - r a y  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n ^ o f  p r o d u c t
( l2 4 ,A r= _ p B rP h )  h a s  sh o w n  that th e  c o r r e c t .  s t r u c t u r e  i s  ( 1 2 5 ) .
oBrC ^H ^
N S NfiBrC^H^
(1 2 5 )
T h e  m o l e c u l e  i s  a p p r o x i m a t e ly  p la n a r ,  w ith  S - N  d i s t a n c e s  o f  
1 .6 7 0  and 2 , 5 3 8  R ,  A k ib a  c o n s i d e r s  that t h e s e  i n t e r a t o m i c  
d i s t a n c e s  c o n s t i t u t e  e v i d e n c e  of s ig n i f i c a n t  S* • • »N i n t r a m o l e c u l a r  
i n t e r a c t i o n .  T h i s  i s  w ith o u t  fo u n d a t io n .  H e  a l s o  s ta te d  th a t  
p ro d u ct ,  (125)  m u s t  h a v e  a r i s e n  f r o m  a bond s w i tc h  r e a r r a n g e m e n t ,  
f o l lo w e d  by p r o t o t r o p y ,
121R e c e n t l y ,  H e c t o r ' s  b a s e  h a s  b e e n  show n to  h a v e  s t r u c t u r e
(1 2 6 ) ,  r a t h e r  th an  s t r u c t u r e  (1 2 3 ) ,  fa v o u r e d  by A k ib a .  I t s  s t r u c t u r e
121 122  i s  id e n t i c a l  in  the  s o l id  s ta t e  , and in  s o lu t io n  . T h e r e f o r e
th e  f o r m a t io n  o f  p r o d u c t  (125) m a y  b e  e x p la in e d  in  t e r m s  o f  a bond
s w i tc h ,  f o l l o w e d  b y  p r o t o t r o p y ,  and s u b s e q u e n t  bond r o ta t io n  ( s e e












A r N  S  N
N H A r
( 125)
S c h e m e  5
T h e  c a r b o n  d i s u lp h id e  ad d u ct  of H e c t o r ' s  b a s e  i s .k n o w n  
124B u t le r  r e c e n t l y  p r o p o s e d  a s t r u c t u r e  f o r  t h is  c o m p o u n d ,  
f o r m u la t in g  i t  a s  c o n t a in in g  a h y p e r  v a le n t  su lp h u r  a t o m  ( 1 2 7 ) .
123
H i gp h i t ^ Y ^  N'^
H N  -S  .8
H ^
PhN
H iN ^ N rs
(127) ( 128)
124H o w e v e r ,  G l i d e w e l l  h a s  s h o w n  the  c o r r e c t  s t r u c t u r e  to  b e  (128 )  
T h is  r e a r r a n g e m e n t  c l e a r l y  i n v o l v e s  a bond s w i tc h .
O l i v e r h a s  found  a n o th e r  e x a m p le  of a bond s w i t c h .
T h e  2 - i m i n o d i t h i a z o l e  (129) r e a c t e d  w ith  n i t r i l e s  to  g iv e  a p r o d u c t  

























E . ORGAN IC C O M P O U N D S  C O N T A IN IN G
F I V E - C E N T R E  BO N D S
T h e  c o n c e p t  o f  n - c e n t r e  b on d in g  h a s  b e e n  d i s c u s s e d  by
127 128C a r p e n t e r  , and M u l l e r  . It w a s  c o n c lu d e d  that t h e o r e t i c a l l y ,
w h en  n ^ 4 ,  th e  s t a b i l i t y  g a in e d  by  the  f o r m a t io n  of a n  n - c e n t r e
.bond w o u ld  n o t  a lo n e  b e  s u f f i c i e n t  to  h o ld  the a t o m s  in  fa v o u r a b le
p o s i t i o n s  fo r  b o n d in g .  H ig h e r  a n a lo g u e s  o f  t r i h e t e r a p e n t a l e n e s
c o u ld  e x h ib i t  n - c e n t r e  b o n d in g .  T h e  c a r b o n  s k e l e t o n  of  t h e s e
m o l e c u l e s  w o u ld  h e lp  to  h o ld  th e  h e t e r o a t o m s  in  th e  c o r r e c t
o r ie n t a t io n  f o r  b o n d in g .
S e v e r a l  c o m p o u n d s  c o n t a in in g  an  a r r a y  o f  f i v e  su lp h u r  a t o m s
h a v e  b e e n  s y n t h e s i s e d .  K l i n g s b e r g  o b ta in ed  c o m p o u n d  ( 1 3 3 ) ,  in  a
129tw o s te p  s y n t h e s i s  , f r o m  3 - c h l o r o - 4 ,  5 - b e n z o - l , 2 - d i t h i o l i u m  
c h l o r i d e  ( l3 2 )  and u r e a , a s  f o l l o w s : -
N H ^ C O N H ^





„ 1 3 0 ,1 3 1  S ta v a u x  and L o z a c  'h s y n t h e s i s e d  c o m p o u n d s  o f  ty p e  (135)
u s i n g  th e  r e a c t i o n s  o f  S c h e m e  6 . H N m r  s p e c t r o s c o p y  s u g g e s t s
R G O C H N 2
O
,^2®5 (1 3 4 )
S c h e m e  6
th a t  c o m p o u n d  (135) h a s  a s y m m e t r i c a l  s t r u c t u r e 131
T h e  s t r u c t u r e s  o f  th e  t h r e e  d e r i v a t i v e s  (135a ) 1 3 2 ,1 3 3
(135b) and (1 3 5 c )  o f  c o m p o u n d  (135) h a v e  b e e n  d e t e r m in e d  
b y X - r a y  c r y s t a l l o g r a p h y ,  S - S  B on d le n g t h s  a r e  g iv e n  b e l o w .
(135a) . 2 . 1 8 3 2 . 580 2 .5 8 3 2 .1 7 3
(135b) 2 .  179 2 .5 5 4 2 .5 8 2 2 . 1 4 9
(1 3 5 c ) 2 . 1 1 3 2 . 626 2 . 3 9 6 2 .2 7 1
R ^ = R ^ = B u -








G o m p ou n d  (136a) h a s  tw o fo ld  s y m m e t r y ,  w i th in  e x p e r im e n t a l  
e r r o r .  T h e  u n s y m m e t r i c a l  s p e c i e s  (135b) s h o w s  s l i g h t  a s y m m e t r y  , 
w h ile ,  th e  o th e r  s y m m e t r i c a l l y  s u b s t i tu te d  c o m p o u n d  ( 135c)  
d e v i a t e s  g r e a t l y  f r o m  m i r r o r - i m a g e  s y m m e t r y .
T h e  f iv e  su lp h u r  a t o m s  in  c o m p o u n d s  ( 1 3 5 a ) ,  (135b) and (1 3 5 c )  
a r e  a p p r o x im a t e ly  c o l l i n e a r .  D e l o c a l i s e d  or '-b on d in g  e x te n d in g  
a c r o s s  a l l  the  s u lp h u r  a t o m s  a p p a r e n t ly  e x i s t s .  T h e  S - S  b o n d s  
s e e m  to  be  v e r y  s u s c e p t i b l e  to  w e a k  i n t e r a t o m i c  f o r c e s .  C N D O /2  
c a l c u l a t i o n s p r e d i c t  that in  c o m p o u n d s  of ty p e  ( 1 3 5 ) ,  a l l  the  S - S  
b o n d s  w i l l  b e  l o n g e r  than  in  d i t h i o l e s ,  and that th e  o u t e r  S - S  b o n d s  
w i l l  b e  s h o r t e r  than  th e  in n e r  o n e s .  L e n g th e n in g  o n e  o f  the  
o u te r  S - S  b o n d s  sh o u ld  c a u s e  s h o r te n in g  o f  t h e  o t h e r  o u t e r  S - S  b o n d .  
T h e s e  c a l c u l a t i o n s  a r e  in  q u a l i t a t iv e  a g r e e m e n t  w i th  th e  e x p e r i m e n t a l  
r e s u l t s .
137G l e i t e r  h a s  e x p la in e d  the in e q u a l i t i e s  o f  th e  S - S  bond  
l e n g t h s ,  in  t e r m s  of bond e n e r g i e s .  T h e  g e n e r a t io n  o f  an  e l e c t r o n -  
r i c h  m u l t i c e n t r e  b o n d , c o m p r i s i n g  a l i n e a r  a r r a n g e m e n t  o f  su lp h u r  
c e n t r e s ,  c o m p e n s a t e s  a p p r o x i m a t e ly  f o r  the b r e a k in g  of o n e  S - S  
‘«3“ - b o n d .  W h en  a t h r e e - c e n t r e  bond i s  f o r m e d ,  th e  r u p tu r e  o f  
o n e  S - S  s in g le  bond i s  n e a r ly  c o m p e n s a t e d  f o r  by  th e  e l e c t r o n -  
r ic h  t h r e e - c e n t r e  b o n d . A n  e l e c t r o n - r i c h  f i v e - c e n t r e  bond ,  
h o w e v e r ,  m u s t  c o m p e n s a t e  f o r  the  b r e a k in g  o f  tw o  S - S c r - b o n d s ,
• w h ic h  i s  e n e r g e t i c a l l y  u n f a v o u r a b le .  T h e r e f o r e  th e  s t r u c t u r e  d o e s  
n o t  h a v e  e q u a l  bond  l e n g t h s  b e t w e e n  e a c h  su lp h u r  a t o m .
A d e r i v a t i v e  o f  c o m p o u n d  (134 , R ^ = B u “, R ^ = P h ) h a s  
b e e n  e x a m in e d  c r y s t a l l o g r a p h i c a l l y  It d o e s  n o t  p o s s e s s  a
d e l o c a l i s e d  c n * -sy s te m  w h ic h  in c lu d e s  a l l  the h e t e r o a t o m s .
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F .  L U B R IC A T IN G  O IL A D D IT IV E S
S e v e r a l  o f  the  c o m p o u n d s  s y n t h e s i s e d  d u r in g  the  c o u r s e .
o f  th is ,  r e s e a r c h  p r o j e c t  w e r e  t e s t e d  f o r  s u i t a b i l i t y  a s  a n t i  o x id a n t
a d d i t iv e s  in  lu b r ic a t in g  o i l s .
T h i s  s e c t i o n  t h e r e f o r e  s e r v e s  a s  a b r i e f  in tr o d u c t io n  to
the  f i e l d  of o i l  a d d i t iv e s ,  w i th  p a r t i c u l a r  a t te n t io n  b e in g  p a id  to
th e  u s e  o f  t r i h e t e r a p e n t a l e n e s  and a n a lo g o u s  h e t e r o c y c l i c  c o m p o u n d s .
L u b r ic a t in g  o i l  a d d i t iv e s  a r e  c h e m i c a l s  w h ic h  a r e  a d d ed  to
o i l s  to  e n h a n c e  d e s i r a b l e  p r o p e r t i e s ,  m o d i f y  u n d e s i r a b le  o n e s ,  or
to  c r e a t e  c o m p l e t e l y  n e w  p r o p e r t i e s .  C o n c e n t r a t io n s  o f  th e
a d d i t iv e s  m a y  v a r y  f r o m  a f e w  p .  p . m .  to  o v e r  20%. T h e  u s e  o f
a d d i t iv e s  in  o i l s  h a s  b e c o m e  w i d e s p r e a d  s in c e  W o r ld  W a r  II,
p r i n c ip a l ly  in  o i l s  fo r  in t e r n a l  c o m b u s t io n  e n g i n e s .  T h e  b e n e f i t s
w h ic h  a c c r u e  h a v e  b e e n  so  g r e a t  th a t  to d a y  a n  e n o r m o u s  r a n g e  of
a d d i t iv e s  i s  a v a i l a b l e ,  and m o s t  h ig h  p e r f o r m a n c e  l u b r ic a n t s
139c o n t a in  s e v e r a l  a d d i t iv e s ,  e a c h  w ith  a  s p e c i f i c  fu n c t io n  
H o w e v e r ,  th e  c o m p l e x i t y  o f  m o d e r n  lu b r ic a n t  s y s t e m s  m a y  b r in g  
p r o b l e m s ,  due  to  in t e r a c t i o n  and c o m p e t i t i o n  b e t w e e n  th e  v a r io u s  
a d d i t iv e  c o m p o n e n t s .
T h e  m a in  f u n c t io n s  of th e  v a r io u s  t y p e s  of a d d i t iv e s  c a n  
be s u m m a r i s e d  a s  f o l l o w s : -
(i) D e t e r g e n t s ,  a n t io x id a n t s  and d i s p e r s a n t s  r e d u c e  the  
f o r m a t io n  of  e n g in e  d e p o s i t s  and s lu d g e ,  f o r m e d  by  the o p e r a t in g  
c o n d i t io n s  o f  th e  e n g in e .
( ii)  B a s i c  d e t e r g e n t s  and a n t io x id a n ts  r e d u c e  c o r r o s i v e  w e a r ,
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b y n e u t r a l i s in g  a c id s  and o th e r  d e s t r u c t i v e  b y p r o d u c t s .
( i i i )  A n ti  w e a r  and e x t r e m e  p r e s s u r e  a g e n t s  r e d u c e  m e c h a n ic a l  
w e a r  on  h e a v i ly  s t r e s s e d  e n g in e  c o m p o n e n t s .
(iv) V i s c o s i t y  in d e x  i m p r o v e r s  and p o u r  p o in t  d e p r e s s a n t s  
c a n  m o d i f y  o i l  p r o p e r t i e s ,  b y  c o n t r o l l in g  t e m p e r a t u r e - d e p e n d e n t  
f lu id i ty ,  f o a m in g ,  and b y  r e d u c in g  th e  v a r ia t io n  o f  v i s c o s i t y  
w ith  t e m p e r a t u r e .
M a n y  m o d e r n  a d d i t iv e s  c a n  s a t i s f y  s e v e r a l  o f  t h e s e  
r e q u i r e m e n t s  s im u l t a n e o u s l y .  F u r t h e r  d i s c u s s i o n  in  th is  t h e s i s  
w i l l  be  l i m i t e d  to  a n t io x id a n t s .
1. A n tio x id a n t  s
In s e r v i c e ,  l u b r ic a n t s  d e t e r i o r a t e  th r o u g h  c o n t a m in a t io n  
and by p h y s i c a l  and c h e m i c a l  c h a n g e s  due to  o x i d a t i o n .  T h e  
o x id a t io n  p r o d u c t s  a r e  p r i n c i p a l l y  a c id ic  m a t e r i a l s  w h ic h  c o r r o d e  
b e a r i n g s ,  and a s p h a l t e n e s ,  th e  p o l y m e r i c  c o m p o u n d s  w h ic h  f o r m  
s lu d g e s  and l a c q u e r s  on m e t a l  s u r f a c e s .  T h e  a d v e r s e  e f f e c t s  o f  
t h e s e  d e g r a d a t io n  p r o d u c t s  a r e  m i n i m i s e d  by  t h e  u s e  of a n t io x id a n t  
a d d i t i v e s .
O x id a t io n  o f  m i n e r a l  o i l  i s  a f r e e  r a d i c a l  c h a in  r e a c t io n   ^
T h e  p r i m a r y  p r o d u c t  of t h i s  r e a c t io n  i s  a p e r o x i d e ,  w h ic h  r a p id ly  
d e c o m p o s e s  at h ig h  t e m p e r a t u r e s  to  g iv e  m o r e  o f  th e  i n i t i a t o r s  
w h ic h  cat  a l y s e  the  c h a in  r e a c t io n .  T h e o r e t i c a l l y  th e  o x id a t io n  
c a n  be  c o n t r o l l e d  by s to p p in g  the c h a in  s e q u e n c e ,  u s i n g  a c h a in  
in h ib i t o r ,  o r  b y  d e s t r o y i n g  the  p e r o x id e  w ith  a p e r o x i d e  d e c o m p o s e r .
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In  p r a c t i c e ,  m i x t u r e s  of  bo th  t y p e s  o f  i n h i b i t o r s  a r e  m o s t  e f f e c t i v e ,  
a s  t h e y  c o m b i n e  to a c t  s y n e r g i s t i c a l l y ^ ^ ^ .  E f f i c i e n t  p e r o x i d e  
d e s t r o y e r s  a r e  z in c  d i a l k y l d i t h i o p h o s p h a t e s  ( Z D D P )  and p h o s p h a -  
s u l p h u r i s e d  t e r p e n e s ,  w h e r e a s  c h a i n  i n h i b i t o r s  a r e  c o m m o n l y  
p h e n o l s  o r  a r o m a t i c  a m i n e s .  O b v i o u s l y ,  th e  p r e s e n c e  of  s u c h  t
b a s e s  w i l l  a l s o  n e u t r a l i s e  a n y  a c i d  f o r m e d ,  t h u s  a s s i s t i n g  
c o r r o s i o n  p r e v e n t i o n .
A l t e r n a t i v e l y ,  o x i d a t i o n  m a y  be d i s c o u r a g e d  by the  
f o r m a t i o n  of a p r o t e c t i v e  a c i d - r e s i s t a n t  f i l m  on  the  m e t a l  s u r f a c e .  
Z D D P ’s ,  a s  w e l l  a s  b e i n g  p e r o x i d e  d e c o m p o s e r s ,  a r e  a l s o  thought  
to  o p e r a t e  in  t h i s  m a n n e r .
U n f o r t u n a t e l y ,  o x i d a t i o n  c a n n o t  be  p r e v e n t e d  i n d e f i n i t e l y ,  |
a s  the a n t i o x i d a n t s  t h e m s e l v e s  a r e  e v e n t u a l l y  c o n s u m e d .
2 .  S u l p h u r - C o n t a i n i n g  H e t e r o c y c l e s  a s  A n t i o x i d a n t s
R e c e n t  c o n c e r n  o v e r  e n v i r o n m e n t a l  p o l l u t i o n  h a s  i n s t i g a t e d  v
a s e a r c h  f o r  n e w  n o n - t o x i c  o r g a n i c  l u b r i c a t i n g  o i l  a d d i t i v e s .
T h e s e  a r e  l i k e l y  to  b e  b a s e d  o n  s u l p h u r ,  n i t r o g e n  and o x y g e n ,  
r a t h e r  than  p h o s p h o r u s  and the  m e t a l s  w h i c h  t h e  w e l l - e s t a b l i s h e d  
a d d i t i v e s  c o n t a i n .
T h e  u s e  of  1, 2 - d i t h i o l e - 3 - t h i o n e s  a s  a d d i t i v e s  i s  w e l l  k n o w n ,
1 4 3 , 1 4 4  145F o r  e x a m p l e ,  e a r l y  p a t e n t s  c l a i m e d  a r y l  and  a lky l
d e r i v a t i v e s  of  c o m p o u n d  (136)  a s  ant i  o x id a n t  s .   ^ .Com pound (137)
h a s  b e e n  the s u b j e c t  o f  m u c h  work^ ^^  in  the  f i e l d s  of  a n t io x id a n t
and p e r o x i d e  d e c o m p o s i t i o n  r e s e a r c h .  It h a s  b e e n  c l a i m e d  that
.
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the 1 , 2 ,  4 - t h i a d i a z o l e s ( 1 3 8 ,  X = h a l o g e n ,  SSR) a r e  c o r r o s i o n  







I n t e r e s t  h a s  b e e n  s h o w n  i n  t r i h e t e r a p e n t a l e n e s  a s
l u b r i c a t i n g  o i l  a d d i t i v e s ,  and 2,  5 - d i a r y l - 1, 6 ,  6 a \ " ^ - t r i t h i a p e n t a l e n e s
150(139)  h a v e  b e e n  u s e d  a s  a n t i o x i d a n t s  , a s  h a v e  the  a z a - a n a l o g u e s  
(37)  and ( 1 4 0 ) ^ ^ \  R e c e n t l y ,  a  p a t e n t  a p p l i c a t i o n  h a s  b e e n  f i l e d  
c o n c e r n i n g  th e  u s e  o f  c o m p o u n d s  (14 1) and ( 1 4 2 , X = S , 0 )  a s  











C o m p o u n d s  (37) and (139)  to  ( 142) a r e  v e r s a t i l e  and e f f i c i e n t  
a d d i t i v e s  c o m p a r e d  w i t h  c o m m e r c i a l  a n t i o x i d a n t s ,  p r o v i n g  
e f f e c t i v e  at c o n c e n t r a t i o n s  a s  l o w  a s  10 p . p .  m .
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A .  T H E  R E A C T I O N  O F  3 - S U B S T I T U T E D - 5 - P H E N Y L -  
1, 2 - D I T H I O L IU M  S A L T S  WITH H E T E R O C Y C L I C
A M IN E S
111 the  c o u r s e  o f  t h i s  w o r k ,  the r e a c t i o n  b e t w e e n  1, 2 -  
d i t h i o l i u m  s a l t s  and v a r i o u s  a m i n o - h e t e r o c y c l e s  w a s  i n v e s t i g a t e d .
T h i s  r e a c t i o n  i s  o f  p a r t i c u l a r  i n t e r e s t  a s  i t  c a n  l e a d  to a p r o d u c t  
w h ic h  m a y  be  d e s c r i b e d  a s  a t r i h e t e r a p e n t a l e n e  c o n t a i n i n g  a 
p y r i d i n e - t y p e  n i t r o g e n  a t o m  in  the  t h r e e - c e n t r e  bonded  s e q u e n c e .
T h e  1, 2 - d i t h i o l i u m  s a l t s  (1) r e a c t  w i th  2 - a m i n o h e t e r o c y c l e s ,  
w h ic h  a r e  c o n v e n i e n t l y  r e p r e s e n t e d  by f o r m u l a  (2).  T w o  i s o m e r i c  
p r o d u c t s  m a y  b e  f o r m e d  in  t h i s  r e a c t i o n , a n d  f o r  e a c h  of  t h e s e  i s o m e r s  
m o r e  than  one  f o r m u l a t i o n  i s  p o s s i b l e .
S S +
(1) (2) j
One i s o m e r  a r i s e s  f r o m  c o n d e n s a t i o n  at  the  a m i n o - n i t r o g e n  ÿ 
f o l l o w e d  by e l i m i n a t i o n  of HX and H Y .  T h e  s t r u c t u r e  of t h i s  t
c o m p o u n d  m a y  be f o r m u l a t e d  in  t h r e e  d i f f e r e n t  w a y s .  T h e  4
I
3 - i m i n o - 1, 2 - d i t h i o l e  s t r u c t u r e  (3) i s  the m o s t  s t r a i g h t f o r w a r d  |
d e s c r i p t i o n  of  the p r o d u c t .  H o w e v e r ,  the c o m p o u n d  c a n  a l s o  be %
f o r m u l a t e d  a s  t h e  t r i c y c l i c  s p e c i e s  (4) ,  an  ex a r h p le  of  a
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t r i h e t e r a p e n t a l e n e  f u s e d  to a h e t e r o c y c l i c  r in g .  T h e  th ird  





T h i s  t y p e  of  s t r u c t u r e  w o u ld  b e  f o r m e d  in a r e a r r a n g e m e n t  r e a c t i o n ,  
p r o b a b l y  v i a  an  i n t e r m e d i a t e  s i m i l a r  to  c o m p o u n d  (4),  w h i c h  w ou ld  
c o n t a i n  a h y p e r v a l e n t  su lp h u r  a t o m .
T h e  o t h e r  i s o m e r  r e s u l t s  f r o m  a t ta c k  at  the  h e t e r o c y c l i c  
n i t r o g e n  a t o m ,  w i th  c o n c o m i t a n t  e l i m i n a t i o n  of  HX and H Y .  T h i s  
p r o d u c t  m a y  b e  d e s c r i b e d  a s  h a v i n g  the  s t r u c t u r e  (6 ) ,  (7 ) ,  o r  (S).
P h P h P h
+
(6) (7) (8)
S t r u c t u r e  (6) i s  an e x a m p l e  of a t r i h e t e r a p e n t a l e n e  w i th  a 
p y r i d i n e - t y p e  n i t r o g e n  i n c o r p o r a t e d  into  t h e  t h r e e - c e n t r e  bond .  
H i t h e r t o ,  c o m p o u n d s  of  t h i s  t y p e  h a v e  b e e n  u n k n o w n .  E x i s t i n g  
t r i h e t e r a p e n t a l e n e s  p o s s e s s  a l y - e l e c t r o n  s y s t e m ,  to w h ic h  the  
l a t e r a l  h e t e r o a t o m s  e a c h  c o n t r i b u t e  a p a ir  of  e l e c t r o n s ,  A  
p y r i d i n e - t y p e  n i t r o g e n  h a s  o n ly  o n e  e l e c t r o n  a v a i l a b l e  f o r  Tl''-bonding, 
T h e  d e f i c i t  w ou ld  t h e r e f o r e  be  m a d e  up by the  b r i d g e h e a d  n i t r o g e n ,  
w h ic h  h a s  the p o t e n t i a l  to  d o n a te  two e l e c t r o n s  f o r  1Y-bondin g .  It
%
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i s  p o s s i b l e  that  s t r u c t u r e  (6) m i g h t  p r o v e  to be u n s t a b l e ,  in  
w h ic h  c a s e  r e a r r a n g e m e n t  c o u l d  l e a d  to the t h i o c a r b o n y l  s p e c i e s  
(7) .  It i s  r a t h e r  u n l i k e l y  that  the  c o m p o u n d  wou ld  e x i s t  in the  
d i p o l a r  f o r m  (8) ,  a s  the  e n e r g y  r e q u i r e d  to p r e v e n t  a p o s i t i v e  
and a n e g a t i v e  c h a r g e  h e l d  in  su c h  c l o s e  p r o x i m i t y  f r o m  c o m b i n i n g ,  
wou ld  be  v e r y  g r e a t .
1. T h e  R e a c t i o n  o f  3 - S u b s t i t u t e d ~ 5 - p h e n y l - 1, 2 - d i t h i o l i u m  S a l t s  
w ith  2 - A m i n o - 2 - t h i a z o l i n e
3 - C h l o r o - 5 - p h e n y l -  1, 2 - d i t h i o l i u m  c h l o r i d e  (9) r e a c t e d  
w i t h  2 - a m i n o - 2 - t h i a z o l i n e  (10) ,  in  e th a n o l ,  to  g i v e  f o u r  p r o d u c t s  
w h ic h  w e r e  s e p a r a t e d  by  c h r o m a t o g r a p h y .  T h e  tw o  m a j o r  p r o d u c t s  
w e r e  i d e n t i f i e d  a s  5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - t h i o n e  (11)  and  
6 - p h e n y l - 1, 2 - d i t h i o l e - 3 - o n e  ( 1 2 ) .  T h e s e  p r e s u m a b l y  a r o s e  f r o m
I  y  s +
C l
(9) ( 1 0 ) ( 1 1 )
s s
( 12)
the b r e a k d o w n  of  the d i t h i o l i u m  s a l t ,  b e f o r e  r e a c t i o n  w i th  the  a m i n e  
c o u l d  take  p l a c e .  T h e i r  p r e s e n c e  w a s  d e t e c t e d  in  e v e r y  r e a c t i o n  of  
d i th i o l i u m  s a l t s  w h ic h  w a s  s tu d ie d .
A y e l l o w  and a m o r e  p o l a r  o r a n g e  p r o d u c t  w e r e  i s o l a t e d  a s  
m i n o r  c o n s t i t u e n t s  of  the  r e a c t i o n  m i x t u r e .  On the  b a s i s  of the
d i f f e r i n g  p o l a r i t i e s  of  t h e s e  m a t e r i a l s ,  the  y e l l o w  c o m p o u n d  w a s
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a s s i g n e d  s t r u c t u r e  (13 ) ,  and the o r a n g e  p r o d u c t  s t r u c t u r e  (14)  
T h e  y i e l d s  w e r e  s o m e w h a t  d i s a p p o i n t i n g  ( s e e  T a b l e  1).
I I
 S  N
(13)  (14)
In a n  a t t e m p t  to r e d u c e  the q u a n t i t i e s  o f  b y p r o d u c t s  
f o r m e d ,  and to  i n c r e a s e  the  y i e l d s  of c o m p o u n d s  (13) and (14 ) ,  
the e f f e c t  of  u s i n g  d i f f e r e n t  s o l v e n t s  in  the r e a c t i o n  w a s  s tu d ie d .  
P r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e d  that  m e t h a n o l ,  b e n z e n e  and  
d i m e t h y l f o r m a m i d e  had  no s i g n i f i c a n t  a d v a n t a g e  o v e r  e t h a n o l .
T h e  u s e  of  a c e t o n i t r i i e  and h e x a m e t h y l p h o s p h o r a m i d e  (HM PA ) w a s  
i n v e s t i g a t e d  m o r e  t h o r o u g h l y .  T h e  y i e l d s  of  p r o d u c t s  o b t a in e d  
w ith  t h e s e  s o l v e n t s  a r e  s h ow n  In T a b l e  1.
I
T a b l e  1: Y i e l d s  of  C om poun ds  ( 1 1 ) - (1 4 )  in  Various S o l v e n t s
Y i e l d  (%) of  C o m p o u n d
S o l v e n t
( 11) ( 12) (13)
E t h a n o l 27 21 3. 3
A c e t o n i t r i i e 24 0 1 0 . 4
H M P A 1 5 . 5 0 2 . 8
p r o d u c t  i m p u r e
P h
o  s  N
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In a c e t o n i t r i i e ,  b y p r o d u c t  (12) w a s  not  o b t a in e d ,  and the  
y i e l d  of  c o m p o u n d  (13) w a s  i n c r e a s e d  t h r e e f o l d .  H o w e v e r ,  the  
m o r e  i n t e r e s t i n g  p r o d u c t  (14) c o u ld  not  be  p u r i f i e d  s a t i s f a c t o r i l y  
by  c h r o m a t o g r a p h y  on  a l u m i n a .  T h e  c o m p o u n d  w a s  not  s t a b le  to 
s i l i c a ,  d e c o m p o s i n g  s l o w l y  to g i v e  a y e l l o w  p r o d u c t .  It i s  p o s s i b l e  
that  the  c o m p o u n d  u n d e r w e n t  de  s u lphur  i s a t i o n  to  th e  o x a  c o m p o u n d
(15 ) .  A s a m p l e  o f  c o m p o u n d  (14 ) ,  h e a t e d  w i th  m e r c u r i c  a c e t a t e
I
( 15)
and a c e t i c  a c i d  in  a t e s t - t u b e ,  g a v e  a y e l l o w  p r o d u c t  w i th  i d e n t i c a l  
t ic  b e h a v i o u r  to the  d e c o m p o s i t i o n  p r o d u c t ,  thus  a p p a r e n t l y  
c o n f i r m i n g  that  d e s u l p h u r i s a t i o n  had taken p l a c e .  T h e  d e c o m p o s i t i o n  
r e a c t i o n  w a s  not  i n v e s t i g a t e d  f u r t h e r .  A c e t o n i t r i i e  w a s  t h e r e f o r e  
not a s u i t a b l e  s o l v e n t  f o r  the  r e a c t i o n .
H M P A  g a v e  t h r e e  p r o d u c t s .  C o m p o u n d  (13)  w a s  not  f o r m e d ,  
and the  d i t h i o l e - 3 - o n e  w a s  i m p u r e .  N o n e  of  th e  y i e l d s  w e r e  
i m p r o v e d ,  H M P A  m a y  f o r m  s t r o n g  h y d r o g e n  b o n d s  (15) w i t h
2 - a m i n o h e t e r o c y c l e s , thus  in h i b i t i n g  the r e a c t i o n  o f  the  2 - a m i n o  
g r o u p .  T h i s  w o u ld  r e n d e r  H M P A  i n e f f e c t i v e  a s  a s o l v e n t .  It w a s  
d e c i d e d  to  u s e  e th a n o l  a s  s o l v e n t  in fu tu re  r e a c t i o n s .
It w a s  thought  that  the c h o i c e  of  l e a v i n g  g r o u p  m i g h t  
i n f l u e n c e  the y i e l d s  of  the  v a r i o u s  p r o d u c t s .  In o r d e r  to i n v e s t i g a t e  |
t h i s  p o s s i b i l i t y ,  3 - « m e t h o x y - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  f l u o r o s u l p h o n a t e
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M ç  N  \Me^N— Prro, 
M e ^
Me.
M e ^ N — p ~  O 
Me^N
(15)
(16)  w a s  s y n t h e s i s e d .  5 - P h e n y l - 1, 2 - d i t h i o l e - 3 - o n e  (12) w a s  
b o i l e d  w i th  m e t h y l  f l u o r o s u l p h o n a t e  in  d r y  b e n z e n e  and the  s a l t  (16)  
w a s  o b ta in ed  in  good y i e l d .
P h M e F S O ,Is S S + FSO .
( 12) (16)
T h e  s a l t  (16) r e a c t e d  w i th  2 - a m i n o  - 2 - t h i a z o l i n e ,  g i v in g  
t h r e e  p r o d u c t s .  T h e  y i e l d s  of  the  th io n e  (11)  and k e t o n e  (12) w e r e  
r e d u c e d ,  and the  y e l l o w  c o m p o u n d  (13) w a s  not  o b t a in e d  at a l l .  
H o w e v e r ,  the  y i e l d  o f  the  o r a n g e  c o m p o u n d  w a s  i n c r e a s e d  by  a 
f a c t o r  of  t h r e e .  One e x p l a n a t i o n  for  t h i s  i n c r e a s e  i s  that  the  
r e a c t i o n  p r o c e e d s  v i a  an e n e r g e t i c a l l y  f a v o u r a b l e  s i x - m e m b e r e d  
t r a n s i t i o n  s ta t e  (17 ) ,  w h e n  c o n d e n s a t i o n  t a k e s  p l a c e  at  the  




of the  o t h e r  p r o d u c t s  d e c r e a s e d ,  a s  M e O  i s  a p o o r e r  l e a v i n g  
group  than C l  .
2 ,  T h e  R e a c t i o n  of  3 - S u b s t i t u t e d - 5 - p h e n y l - 1 , 2 - d i t h i o l i u m  S a l t s  
with  2 - A m i n o t h i a z o l e
F o u r  p r o d u c t s  w e r e  o b t a in e d  f r o m  t h e . r e a c t i o n  of  2 - a m i n o -  
t h i a z o l e  (18) w i th  3 - c h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e .  T h e  
y i e l d s  of  the t r i h e t e r a p e n t a l e n e s  ( 19) and (20 ) w e r e  h i g h e r  than t h o s e  





5 - P h e n y l  - 1, 2 - d i t h i o l e - 3 - t h i o n e  (11)  and 5 - p h e n y l -  1, 2 - d i t h i o l e -  3-  
one (12) w e r e  a l s o  f o r m e d .  C o m p o u n d  (19) and the  d i t h io l o n e  (12)  
had v e r y  s i m i l a r  p o l a r i t i e s ,  w h i c h  m a d e  t h e i r  s e p a r a t i o n  r a t h e r  
d i f f i c u l t .  A  p u r e  s a m p l e  o f  the  d i th io l o n e  w a s  not  o b t a in e d .
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W h e n  3 - m e t h o x y - 5 - p h e n y l - 1, 2 -d i th io l iu n n  f l u o r o s u l p h o n a t e  
w a s  u s e d  in  the  r e a c t i o n ,  the  y i e l d s  of  a l l  the  p r o d u c t s  d e c r e a s e d .  
C o m p o u n d  (20)  w a s  not  p r e s e n t ,  and the d i t h io l o n e  w a s  i m p u r e .  
F o r m a t i o n  of c o m p o u n d  (20 ) ,  v i a  a s i x - m e m b e r  ed t r a n s i t i o n  s ta t e  
s i m i l a r  to  the  o n e  a l r e a d y  d i s c u s s e d ,  w o u ld  n e c e s s i t a t e  a d i s r u p t i o n  
of  the a r o m a t i c i t y  of 2 - a m i n o t h i a z o l e , and w o u ld  r e s u l t  in  an  
e n e r g e t i c a l l y  l e s s  f a v o u r a b l e  p a t h w a y  than the  one  t a k e n  by 2 - a m i n o -
2 - t h i a z o l i n e . T h i s  w ou ld  e x p l a in  the  a b s e n c e  of  th e  p r o d u c t  (20) in  
the p r e s e n t  r e a c t i o n .
3. T h e  R e a c t i o n  of  3 - S u b s t i t u t e d - 5 - p h e n y l  - 1, 2 - d i t h i o H u m  S a l t s  
w it h  V a r i o u s  2 - A m i n o p y r i d i n e s
3 - C h l o r o - 5 - p h e n y l  - 1, 2 - d i t h i o l i u m  c h l o r i d e  (9) r e a c t e d  
w ith  the  2 - a m i n o p y r i d i n e s  (21 a - f ) . In e v e r y  c a s e  the  b y p r o d u c t s  
5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - t h i o n e  (11) and 5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - o n e  
(12)  w e r e  o b t a in e d ,  in  r o u g h l y  8% and 4 0% y i e l d  r e s p e c t i v e l y .
E a c h  r e a c t i o n  a l s o  g a v e  a y e l l o w  p r o d u c t .  T h e s e  c o m p o u n d s  
w e r e  f o r m u l a t e d  a s  th e  t r i h e t e r a p e n t a l e n e s  ( 2 2 a ~ f ) .  T h e  y i e l d s  
of  the  y e l l o w  p r o d u c t s  l a y  b e t w e e n  25% and 4 0%, e x c e p t  in the  
c a s e  o f  c o m p o u n d  (22b) ,  w h ic h  w a s  ob ta in ed  in  l o w e r  y i e l d  (14%),  
T h i s  l o w  y i e l d  m a y  h a v e  b e e n  c a u s e d  by  th e  p a r t i a l  b l o c k i n g  of  
the  r e a c t i v e  a m i n o  g r o u p  in  the  s t a r t i n g  a m i n e  ( 21b) by  the  
p r e s e n c e  of  an a d j a c e n t  m e t h y l  g r o u p .  T h e  s e p a r a t i o n  of  
c o m p o u n d  (22b) f r o m  the  d i t h i o l o n e  ( 12) a l s o  p r o v e d  p a r t i c u l a r l y
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d i f f i c u l t ,  and m a y  a c c o u n t  In p a r t  f o r  the  y i e l d  b e i n g  l o w e r  than  
e x p e c t e d .
In s e v e r a l  c a s e s ,  a  s m a l l  q u an t i ty  of  a p o l a r  r e d  p r o d u c t  
w a s  o b t a in e d .  T h e s e  c o m p o u n d s  w e r e  f o r m u l a t e d  a s  the  t r i h e t e r a -  
p e n t a l e n e s  ( Z 3 a - d ) .  T h e y  a r i s e  f r o m  c o n d e n s a t i o n  at the  r in g  
n i t r o g e n  a t o m .  T h i s  a s s i g n m e n t  w a s  s u b s e q u e n t l y  s u b s t a n t ia t e d  
w h en  c o m p o u n d  (2 3c) w a s  s y n t h e s i s e d  by  an  a l t e r n a t i v e  r o u t e  ( s e e  
P a r t  B ) .  In e v e r y  r e a c t i o n ,  the  y i e l d  of  th e  r e d  p r o d u c t  w a s  l e s s  
than 1%. T h e s e  c o m p o u n d s  w e r e  c h a r a c t e r i s e d  by  t h e i r  m a s s  
s p e c t r a  and by m i c r o a n a l y s i s .  C o m p o u n d s  (23e)  and (23f)  w e r e  
not o b t a in e d ,  p r o b a b l y  o w i n g  to s t e r i c  b l o c k in g  of  the  r in g  n i t r o g e n  
in  the  p r e c u r s o r s  (2 l e )  and (2 If) by n e i g h b o u r i n g  m e t h y l  and a m i n o  
group s .
W hen  the 3 - r n e t h o x y  s a l t  (16)  w a s  a l l o w e d  to r e a c t  w i th
2 - a m i n o - 4 - m e t h y l p y r i d i n e  ( 21 c ) ,  the y i e l d  of  e a c h  of  the e x p e c t e d  
p r o d u c t s  d e c r e a s e d .
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G e n e r a l l y ,  the  y i e l d  of  the  l e s s  p o l a r  p r o d u c t  i n c r e a s e s  
by an o r d e r  of  m a g n i t u d e ,  and the  m o r e  p o l a r  o n e  d e c r e a s e s ,  
w h e n  a 2 - a m i n o p y r i d i n e  r e p l a c e s  a 5 - m e m b e r e d  a m i n o h e t e r o c y c l e .  
T h e r e f o r e  the  g e o m e t r y  of  the s t a r t in g  m a t e r i a l  i s  an i m p o r t a n t  
f a c t o r  in  the r e a c t i o n .
4 .  T h e  R e a c t i o n  of  3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  C h l o r i d e  
w ith  4 - A m i n o p y r i d i n e
T h e  r e a c t i o n  of  3 - c h l o r o - 5 - p h e n y l -  1, 2 - d i t h i o l i u m  c h l o r i d e  
(9) w i th  4 - a m i n o p y r i d i n e  p r o d u c e d  o n ly  a few, m i l l i g r a m s  of  the  
e x p e c t e d  3 - i m i n o - 1, 2 - d i t h i o l e  (24 ) ,  a c c o m p a n i e d  b y  the  b y p r o d u c t s  
(11) and ( 1 2 ) ,  T h i s  l o w  y i e l d  i s  s u r p r i s i n g ,  in  v i e w  o f  th e  f a c t  that
4 - a m i n o p y r i d i n e  i s  a s t r o n g e r  b a s e  than 2 - a m i n o p y r i d i n e .
-S
(24)
5.  T h e  R e a c t i o n  of  3 - C h l o r o - 5 - p h e n y l -  1, 2 - d i t h i o l i u m  C h l o r i d e  
w ith  2 - A m i n o p y r i m i d i n e
T h i s  w e a k e r  b a s e  resected w i th  the  c h l o r o d i t h i o l i u m  s a l t  
(9) to  p r o d u c e  a p r o d u c t  (25)  o r  (26) in l o w  y i e l d ,  t o g e t h e r  w i th




At r o o m  t e m p e r a t u r e ,  the  H n m r  s p e c t r u m  of  t h i s  
p r o d u c t  in  c h l o r o f o r m - D ^  w a s  v e r y  p o o r l y  r e s o l v e d .  T h e  s ig n a l  
of  6 - H  and 8 - H  a p p e a r e d  a s  a b r o a d  s i n g l e t ,  and that  of  7 ~H a s  a 
p o o r l y  r e s o l v e d  t r i p l e t ,  s u g g e s t i n g  that  6 - H  and 8- H  w e r e  
a c c i d e n t a l l y  m a g n e t i c a l l y  e q u i v a l e n t .  H o w e v e r ,  a t  - 2 4 ° C , the  
s p e c t r u m  had s h a r p e n e d  up c o n s i d e r a b l y ,  w i th  6 - H  and 8 -H  
a p p e a r i n g  a s  a d o u b le t ,  and 7 - H  a s  a t r i p l e t .  T h i s  t e m p e r a t u r e -  
d e p e n d e n c e  i n d i c a t e d  that  r e s t r i c t e d  r o t a t i o n  a r o u n d  a d oub le  bond  
w a s  tak in g  p l a c e  at  a m b i e n t  t e m p e r a t u r e .  A t  - 2 4 ° C , the r o t a t i o n  
had s l o w e d  d o w n .  T h e  p r o d u c t  t h e r e f o r e  a p p e a r s  to  p o s s e s s  the
3 - i m i n o - 1, 2 - d i t h i o l e  s t r u c t u r e  (26 ) .  In t h i s  s t r u c t u r e ,  6 - H  and  
8- H  w o u ld  be  c h e m i c a l l y  a s  w e l l  a s  m a g n e t i c a l l y  e q u i v a l e n t .
6 . T h e  R e a c t i o n  of  3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o  1 i u m  C h l o r i d e  
with  2, 6 - D i a m i n o p y r i d i n e
T h e  r e a c t i o n  of  2, 6 - d i a m i n o p y r i d i n e  w i th  3 - c h l o r o  - 5 -  
p h e n y l - 1 , 2 - d i t h i o l i u m  c h l o r i d e  ( 9) g ave  r i s e  to 5 - p h e n y l -  1 , 2 - 
d i t h i o l e - 3 - t h i o n e  ( 11) ,  5 - p h e n y l - 1 , 2 - d i t h i o l e - 3 - one  ( 12),  and  
s m a l l e r  q u a n t i t i e s  of  tw o  o t h e r  c o m p o u n d s .  T h e s e  w e r e  not
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A n a l y t i c a l  and m a s s  s p e c t r a l  da ta  s h o w e d  that  the  p r o d u c t s  
w e r e  the  r e s u l t  of  the r e a c t i o n  of  two m o l e c u l e s  of  the d i t h i o l i u m  
s a l t  (9) w i th  one  of  2 ,  6 - d i a m i n o p y r i d i n e .  T h e  l e s s  p o l a r  p r o d u c t  
w a s  a s s i g n e d  the  s t r u c t u r e  (29)  o r  (30) and the  m o r e  p o l a r  p r o d u c t  











N m r  s p e c t r o s c o p y  should  be  a b le  to d i s t i n g u i s h  b e t w e e n
s t r u c t u r e s  (29)  and ( 3 0 ) .  In s t r u c t u r e  (30 ) ,  and a r e
e q u i v a l e n t  and wou ld  t h e r e f o r e  a p p e a r  a s  a d o u b l e t ,  w h i l e
wou ld  be  a t r i p l e t .  T h e  s p e c t r u m  of  s t r u c t u r e  (29)  w ou ld  show
a d o u b le t  f o r  H , a d o u b le  d o u b le t  f o r  H, , and a d o u b le t  fo r  H Si b e
u n l e s s  H and H w e r e  a c c i d e n t a l l y  e q u i v a le n t ,  in  w h ic h  c a s e  a c
the s p e c t r u m  w o u ld  b e  i d e n t i c a l  to  that  of  s t r u c t u r e  (30) .
T a b l e  2: N m r  S p e c t r u m  of  C o m p o u n d  (29)
P h
S o l v e n t
G D C P
D M S O - D
t o l u e n e - D 8
T e m p e r a t u r e C h e m i c a l  Sh i f t  ( ) A s s i g n m e n t
R o o m  T e m p . 6 . 3 0  (d) H o r  H a c
6 . 84 (d) H o r  H  a c
7 . 4 1 - 7 . 7 6  (m) A l l  o t h e r  p r o t o n s
R o o m  T e m p . A b s o r b t i o n s  v e r y w e a k
100 ° 7 . 0 3 ( d ) H o r  H a c
7 .  1 8 - 7 .  85 (m) A l l  o t h e r  p r o t o n s
8 . 3 0  (d) H o r II a c
R o o m  T e m p . 6 . 8 4 - 7 .  16 (m) A l l  p r o t o n s
6 0 ° 6 . 8 4 - 7 .  15 (m) A l l  p r o t o n s
8 0 ° 6 , 8 3 - 7 ,  24 (rn) A l l  p r o t o n s
100° 6 . 8 4 - 7 . 4 0  (m.) A l l  p r o t o n s
R o o m  T e m p . 6 . 9 1 - 7 . 5 6  (m) A l l  p r o t o n s
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T h e  H n m r  s p e c t r u m  w a s  r e c o r d e d  in  c h l o r o f o r m - D ^ ,  
d i m e t h y l  su lp h ox id e -D ^ ,  t o l u e n e - D g  and p y r i d i n e - D ^ .  T h e  r e s u l t s  
a r e  s h o w n  in  T a b l e  2 .  U n a m b i g u o u s  a s s i g n m e n t  of  the s t r u c t u r e  
w a s  i m p o s s i b l e ,  o w in g  to the  l o w  s o l u b i l i t y  o f  th e  c o m p o u n d  and 
the m a n y  o v e r l a p p i n g  a r o m a t i c  s i g n a l s  p r e s e n t .  In c h l o r o f o r m - D ^  
and d i m e t h y l  su lphox ide -D ^  t w o  d o u b l e t s  w e r e  o b s e r v e d .  In no c a s e  
w a s  i t  p o s s i b l e  to  p i c k  out  a t r i p l e t  or  a doub le  d o u b le t .  A l t h o u g h  
the p r e s e n c e  of  tw o  d o u b l e t s  i s  c i r c u m s t a n t i a l  e v i d e n c e  f o r  the  
s t r u c t u r e  ( 29) ,  t h i s  e v i d e n c e  c a n n o t  be r e g a r d e d  a s  c o n c l u s i v e  
u n l e s s  a doub le  d o u b le t  or  a t r i p l e t  c a n  be a s s i g n e d .  T h e  s i t u a t io n  
c o u ld  be g r e a t l y  c l a r i f i e d  i n  f u t u r e  by s y n t h e s i s i n g  a s i m i l a r  
c o m p o u n d  w i th  a l k y l  ( e g .  t -b u t y l )  g r o u p s  in  p l a c e  of  the p h e n y l  g r o u p s .
C o m p o u n d  (31)  a l s o  f a i l e d  to g iv e  a s a t i s f a c t o r y  n m r  
s p e c t r u m ,  o w i n g  to i t s  i n s o l u b i l i t y .
S t r u c t u r e  (29)  i s  an  e x a m p l e  o f  a m o l e c u l e  a b l e  to  u n d e r g o  
r e v e r s i b l e  v a l e n c e  i s o m é r i s a t i o n  ( s e e  F i g u r e  1),
S ~ -^P h S _
F i g u r e  1: V a l e n c e  I s o m é r i s a t i o n  of  S t r u c t u r e  (2 9)
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I n c r e a s i n g  t h e  t e m p e r a t u r e  w ou ld  s p e e d  up the r a t e  of  i s o m é r i s a t i o n .  
At s u f f i c i e n t l y  h ig h  t e m p e r a t u r e s  t h i s  i s o m é r i s a t i o n  w o u ld  be r a p id  
on the n m r  t i m e - s c a l e ,  and  w o u ld  r e s u l t  in a s i m p l e r ,  t i m e -  
a v e r a g e d  s p e c t r u m  b e i n g  o b t a in e d .  T h e  n m r  s p e c t r u m  w a s  
t aken  in  t o l u e n e - D g  at  r o o m  t e m p e r a t u r e ,  6 0 ° C ,  8 0 ° C ,  and lOO^C,  
and in  d i m e t h y l  su lphox ide -D ^  at r o o m  t e m p e r a t u r e  and lOO^C.
N o  e v i d e n c e  of  t i m e - a v e r a g i n g  w a s  o b s e r v e d .  In d i m e t h y l s u l p h o x i d e -  
the  c o m p o u n d  d e c o m p o s e d  s l o w l y  at  h ig h  t e m p e r a t u r e .
T h e r e f o r e ,  e i t h e r  the  c o m p o u n d  d o e s  n o t  p o s s e s s  the  
s t r u c t u r e  ( 29 ), o r  a h igh  en ou gh  t e m p e r a t u r e  w a s  n o t  a t ta in e d  f o r  the  
i s o m é r i s a t i o n  to b e c o m e  s u f f i c i e n t l y  r a p id .
7 .  T h e  R e a c t i o n  of  3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h l o l i u m  C h l o r i d e  
with  2 - A m i n o b e n z r i m i d a z o l e
T h e  c o n d e n s a t i o n  of  2 - a m i n o b e n z i m i d a z o l e  (32)  wi th
3 - c h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e  (9) p r o d u c e d  the by now  
f a m i l i a r  b y p r o d u c t s ,  n a m e l y  5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - t h l o n e  (11)  
and 5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - o n e  ( 1 2 ) .  A y e l l o w  p r o d u c t  f o r m u l a t e d  
a s  the d i t h i a t r i a z a  c o m p o u n d  (33)  w a s  o b t a in e d  in  l o w  y i e l d  f r o m  





8 . T h e  R e a c t i o n  of 3 - C h l o r o - S - p h e n y l - 1, 2 - d i t h io l iu m .  C h l o r i d e  
with. Z- M e t h y l p y r i d i n e
It w a s  d e c i d e d  to i n v e s t i g a t e  the p o s s i b i l i t y  that  
r e a c t i o n  m i g h t  ta k e  p l a c e  b e t w e e n  the  c h l o r o d i t h i o l i u m  s a l t  (9) 
and 2 - m e t h y l p y r i d i n e . R e a c t i o n  wi th  the m e t h y l  g r o u p  wou ld  
r e s u l t  in  the f o r m a t i o n  of  a  p r o d u c t  w i th  s t r u c t u r e  (34) ,  (35)  
or (36 ) .  C o n d e n s a t i o n  at  the  h e t e r o c y c l i c  n i t r o g e n  a t o m  would  














H o w e v e r ,  in p r a c t i c e ,  n e i t h e r  of  the d e s i r e d  p r o d u c t s  w a s  
o b ta in ed .
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9 ,  T h e  R e a c t i on of  3 - C h l o r o - 5 - p h e n y l -  1 , 2 - d i t h i o l i u m  C h l o r i d e  
with  N - P h e n y l b e n ? .a m i d i n e
T h e  r e a c t i o n s  h i t h e r t o  i n v e s t i g a t e d  h a v e  s o l e l y  c o n c e r n e d  
h e t e r o c y c l i c  a m i n e s .  T h e o r e t i c a l l y ,  a m i  d i n e s  w i th  the  s t r u c t u r e  
(40)  sh ou ld  a l s o  r e a c t ,  to  g iv e  two. t y p e s  of  pr oduc t .  C o n d e n s a t i o n  


















or  (4 3) .  R e a c t i o n  at the  i m i n o  n i t r o g e n  a t o m  w o u ld  g i v e  a
c o m p o u n d  of  s t r u c t u r e  (44)  or  (4 5) .
A r e a c t i o n  of  t h i s  type  w a s  c a r r i e d  out ,  u s i n g  N - p h e n y l -
b e n z a m i d i n e  (40 ,  R^=R^=Ph)  and 3 - c h l o r o - 5 - p h e n y l -  1, 2 - d i t h i o i i u m
c h l o r i d e  (9).  T h i s  p r o d u c e d  the d i t h io l o n e  ( 1 2 ) ,  the  d i t h io l e t h i o n e
( 11),  and a fev /  m i l l i g r a m s  of a  y e l l o w  p r o d u c t  t e n t a t i v e l y
id e n t i f i e d  a s  the 3 - i m i n o  - 1, 2 - d i t h i o l e  (46 ) ,  on  the  b a s i s  of i t s
m a s s  s p e c t r u m  and m e l t i n g  p o i n t .  [C om p ou n d  (4 6) h a s  p r e v i o u s l y
154,155-]b e e n  p r e p a r e d  by the  a c t i o n  of a n i l i n e  on  the  d i th io l iu rn  s a l t  (47)  ' ,j
Hi
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P h P h :NPh P h
— S+
( 11) ( 12) (4 6) (47)
T h e  r e a c t i o n  did n o t  a f fo r d  e i t h e r  of  the  e x p e c t e d  
p r o d u c t s .  It i s  s u g g e s t e d  that  the  two p h e n y l  g r o u p s  of  N ~ p h e n y l -  
b e n z a m i d i n e  b l o c k e d  the  r e a c t i o n  s i t e s .  A t t e m p t s  to s y n t h e s i s e  
o t h e r  a m i d i n e s  w i th  l e s s  bu lky  s u b s t i t u e n t s  w e r e  u n s u c c e s s f u l .
T h e  r e a c t i o n  of a m i d i n e s  w a s  not  p u r s u e d  f u r t h e r .
B . SY N T H E S IS  O F  6 - M E T H Y L - 2 - P H E N Y L - 1, 8a \ ^ - D I T H I A -  
3b, 8- D I A Z A C Y C L O P E N T [ a ] l N D E N E  A N D  A T T E M P T E D  
S Y N T H E S IS  OF 1, 6 , b a l ^ - T R I T H I A - S a ,  7 - D I A Z A C Y C L O -  
P E N T [ a  j P E N T A L E N E S
S e v e r a l  of  the r e a c t i o n s  d e s c r i b e d  in  p a r t  A of t h i s  
d i s c u s s i o n  g a v e  tw o  i s o m e r i c  p r o d u c t s ,  f o r m u l a t e d  in  g e n e r a l  
t e r m s  a s  the s t r u c t u r e s  (4) and ( 6) .  In o r d e r  to d i s t i n g u i s h  
b e t w e e n  the  two t y p e s  of s t r u c t u r e s  i t  w a s  d e c i d e d  to f i r m l y  
e s t a b l i s h  the i d e n t i t y  of  one  i s o m e r  by an u n a m b i g u o u s  s y n t h e s i s ,
P h
(4) (6)
It w o u ld  p r o v e  v a l u a b l e  to d e v e l o p  an a l t e r n a t i v e  s y n t h e s i s  
of c o m p o u n d s  h a v i n g  s t r u c t u r e  ( 6) .  T h e s e  c o m p o u n d s  a r e  of  
g r e a t e r  t h e o r e t i c a l  i n t e r e s t  than  the c o m p o u n d s  of s t r u c t u r e  (4 ) .  
G o e r d e l e r  , and P o t t s  »  ^  ^ d e v e l o p e d  s e v e r a l
s y n t h e s e s  of  h e t e r o c y c l i c  s u l p h e n a m i d e s  (4 8) .  Pot ts^^ ^  h a s  
d i s c o v e r e d  that  t h e s e  c o m p o u n d s  c o n d e n s e  w i t h  e n o l a t e  a n i o n s ,  
w it h  a c c o m p a n y i n g  r i n g - d o  s u r e ,  to  g i v e  c o m p o u n d s  o f  the  type
(49).
N H S C C l
(4 8) (4 9)
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It w a s  c o n c l u d e d  that  t h e s e  r e a c t i o n s  c o u l d  f o r m  the  
b a s i s  of  a s y n t h e s i s  o f  c o m p o u n d s  of  type  ( 6) .  C o n d e n s a t i o n  
of  a h e t e r o c y c l i c  s u l p h e n a m i d e  (4 8) w i th  b e n z o y l a c e t i c  a c i d ,  
a c c o m p a n i e d  by  d e c a r b o x y l a t i o n ,  w ou ld  l ea d  to c o m p o u n d  (50)  
S u b s e q u e n t  t h io n a t i o n  w ou ld  g i v e  the p r o d u c t  (51) ,  that  i s ,  
c o m p o u n d  ( 6).
+ P h C O C H  CO H











T h e  f e a s i b i l i t y  of  t h i s  s y n t h e s i s  w a s  i n v e s t i g a t e d ,  u s i n g  
2 - a m i n o t h i a z o l e ,  2 - a m i n o - 2 - t h i a z o l i n e  and 2 - a m i n o - 4 - m e t h y l p y r i d i n e  
a s  s t a r t in g  m a t e r i a l s .  T h e  a p p r o p r i a t e  s u l p h e n a m i d e s  ( 5 2 ) - ( 5 4 )  w e r e  
r e a d i l y  p r e p a r e d  b y  m o d i f y i n g  the  e x i s t i n g  s y n t h e s e s .
T h e  s u l p h e n a m i d e  (52)  w a s  a l l o w e d  to c o n d e n s e  w i th  
b e n z o y l a c e t i c  a c i d  in the p r e s e n c e  of  an e x c e s s  of  t r i e t h y l a r n i n e .
D r y  d i m e  thy If o r m  a m i d e  w a s  u s e d  a s  s o l v e n t .  A c e t o p h e n o n e ,  
p r o d u c e d  by the d e c o m p o s i t i o n  of  b e n z o y l a c e t i c  a c i d ,  t o g e t h e r  w i th  
a f e w  m i l l i g r a m s  of an  i m p u r e  y e l l o w  p r o d u c t  w e r e  o b t a in e d .
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T h e  m a s s  s p e c t r u m  of t h i s  m a t e r i a l  s h o w e d  a p a r e n t  io n  at  
m / e  2 6 0 ,  T h e  p r o d u c t  w a s  t h e r e f o r e  t e n t a t i v e l y  i d e n t i f i e d  
a s  the  o x a d i t h i a d i a z a c y c l o p e n t  [ a ] p e n t a l e n e  ( 5 5 ) .
I ^ S N
NHSCCL b N H SC C L
(52) (55)  (53)
U n d e r  s i m i l a r  r e a c t i o n  c o n d i t i o n s ,  the s u l p h e n a m i d e
(53)  g a v e  no u s e f u l  p r o d u c t s .  T h e  r e a c t i o n  w a s  r e p e a t e d  u s i n g
the s o d i u m  s a l t  o f  b e n z o y l a c e t i c  a c i d ,  in e t h a n o l , a n d  w i th  an
e x c e s s  of  s o d i u m  c a r b o n a t e  p r e s e n t .  T h i s  v /as  a l s o  u n s u c c e s s f u l ,
T h e  r e a c t i o n s  of the  s u l p h e n a m i d e s  (52)  and (53)  w e r e  ab a n d o n e d
103at t h i s  s t a g e .  P o t t s  had p r e v i o u s l y  found that  c e r t a i n  
s u l p h e n a m i d e s  do not  r e a c t  w i th  e n o l a te  a n i o n s .
T h e  s u l p h e n a m i d e  (54) g a v e  m o r e  p r o m i s i n g  r e s u l t s .
T h e  c o n d e n s a t i o n ,  c a r r i e d  out  in  d i m e t h y l f o r m a m i d e  and w i th  an
M e












e x c e s s  of  t r i e t h y l a r n i n e  p r e s e n t ,  g a v e  the d e s i r e d  p r o d u c t  (56)  
in 8% y i e l d .  T h r e e  b y p r o d u c t s  w e r e  a l s o  o b t a in e d  f r o m  t h i s  
r e a c t i o n ,  p r i n c i p a l l y  a c o l o u r l e s s  p r o d u c t ,  i d e n t i f i e d  a s  c o m p o u n d  
(57 ,  X = 0 ) .  T h i s  p r o d u c t  r e s u l t e d  f r o m  a t ta c k  of  the s u l p h e n a m i d e  
by w a t e r ,  a c c o m p a n i e d  by c y c l i s a t i o n .  It i s  r a t h e r  s u r p r i s i n g  
that  P o t t s  did n o t  o b s e r v e  c o m p o u n d s  of  t h i s  ty p e  d u r in g  h i s  s t u d i e s .  
H e h a s ,  h o w e v e r ,  p r e p a r e d  c o m p o u n d s  s i m i l a r  to {57,X=-S) ,  b y  
a l l o w i n g  s u l p h e n a m i d e s  to r e a c t  w i th  s o d i u m  h y d r o g e n  su lph ide^^  ^.
T h e  o t h e r  b y p r o d u c t s  w e r e  i d e n t i f i e d  b y  t ic  c o m p a r i s o n  a s  
a c e t o p h e n o n e  and the [ 1, 2 ,  4 ] t h i a d i a z o l o  [4 , 3 - a  ] p y r i d i n e  (58 ) .
P o t t s  had p r e v i o u s l y  s y n t h e s i s e d  t h i s  c o m p o u n d  and h a s  i s o l a t e d
the s a m e  c o m p o u n d  f r o m  the  r e a c t i o n  of 2 - t r i c h l o r o m e t h y l s u l p h e n -  
a m i d o p y r i m i d i n e ,  w i th  2 - a m i n o - 4 - m e t h y l p y r i d i n e ^ ^ ^ .  He  
d e s c r i b e s  the  p r o d u c t  a s  o r a n g e  n e e d l e s ,  m .  p .  1 8 9 - 1 9 1 ^ .  H o w e v e r ,  
a s a m p l e  of  the c o m p o u n d  (58)  p r e p a r e d  in  t h i s  l a b o r a t o r y  f o r  
c o m p a r i s o n  w i th  the  b y p r o d u c t  ob t a in e d  in the  f o r e g o i n g  r e a c t i o n  
w a s  ob t a in e d  a s  y e l l o w  p r i s m s ,  m . p .  19 2 -  194^.  T h i s  s u g g e s t s  
that  P o t t s  h a s  f a i l e d  to p u r i f y  the  c o m p o u n d  a d e q u a t e l y .
T h io n a t i o n  of  c o m p o u n d  (56)  w i th  p h o s p h o r u s  p e n t a s u l p h i d e  







p r o d u c t  w a s  i d e n t i c a l  ( m . p . ,  m i x e d  m . p .  , m a s s  s p e c t r u m )  w i th  
the  m o r e  p o l a r  p r o d u c t  ob t a in e d  f r o m  the r e a c t i o n  of 2 - a m i n o - 4 -  
m e t h y l p y r i d i n e  w i th  3 - c h l o r o -  5 - p h e n y l -  1, 2 - d i t h i o l i u m  c h l o r i d e  
( s e e  p a g e  53 ) ,  and i s  t h e r e f o r e  the  d i t h i a d i a z a c y c l o p e n t  [a j in d e n e  
( 2 3 c ) .  A n  a p p r e c i a b l e  q u a n t i ty  o f  s t a r t in g  m a t e r i a l  (56) w a s  a l s o  
r e c o v e r e d ,  a c c o m p a n i e d  by  a t r a c e  of  5 - p h e n y l - 1, 2 - d i t h i o l e - 3-  
t h i o n e .
T h u s  i t  i s  c o n f i r m e d  that the m o r e  p o l a r  p r o d u c t  o b ta in ed  
f r o m  the  r e a c t i o n  of 3 - c h l o r o - 5 - p h e n y l -  1, 2 - d i t h i o l i u m  c h l o r i d e  
with  2 - a m i n o - 4 - m e t h y l p y r i d i n e  r e s u l t s  f r o m  c o n d e n s a t i o n  at  the  
r in g  n i t r o g e n  a t o m  of  the  a m i n e .  It i s  p o s s i b l e  to  e x t r a p o l a t e  to  
in c lu d e  the  o t h e r  2 - a m i n o h e  te  r e c y c l e s  w h ic h  g a v e  two p r o d u c t s  on  
r e a c t i o n  w i t h  the  1, 2 - d i t h i o l i u m  s a l t s .  In e v e r y  c a s e  a y e l l o w ,  
l e s s  p o l a r  p r o d u c t  and a m o r e  d e e p l y  c o l o u r e d  and m o r e  p o l a r  
p r o d u c t  w e r e  o b t a i n e d .  It i s  t h e r e f o r e  c o n c l u d e d ,  w i th  s o m e  d e g r e e  
of  c o n f i d e n c e ,  that  the  m o r e  p o l a r  of  the two c o m p o u n d s  f o r m e d  in  
t h e s e  r e a c t i o n s  r e s u l t s  f r o m  c o n d e n s a t i o n  at  the r in g  n i t r o g e n  a t o m ,  
and m a y  be f o r m u l a t e d  a s  a  t r i h e t e r a p e n t a l e n e  c o n t a i n i n g  a 
p y r i d i n e - t y p e  n i t r o g e n  a t o m  in  the  t h r e e - c e n t r e  bon d ed  s e q u e n c e .
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G . S Y N T H E S IS  O F  1 H -  and 6H - T R I H E T E R A P E N T A L E N E S
T h e  i n t r o d u c t o r y  s e c t i o n  of  t h i s  t h e s i s  c o n t a i n s  a 
d e s c r i p t i o n  of s e v e r a l  c l a s s e s  of c o m p o u n d  b a s e d  on the  1 , 2 , 4 »  
t h i a d i a z o l e  s y s t e m ,  w h i c h  m a y  b e  r e f o r m u l a t e d  a s  t r i h e t e r a p e n t a l e n e  s , 
M a n y  of the  c o m p o u n d s  d i s c u s s e d  w e r e  p r e p a r e d  b y  G o e r d e l e r  and  
c o w o r k e r s ,  who  u s e d  the i m i n o - 1 , 2 , 4 - t h i a d i a z o l e  (59)  a s  a s t a r t i n g  















T h e  p r o d u c t s  (60) c a n  a l s o  be  f o r m u l a t e d  a s  b i c y c l i c  c o m p o u n d s  (61 ) ,  
w h ic h  a r e  t r i h e t e r a p e n t a l e n e s  c o n t a i n i n g  a p y r i d i n e - t y p e  n i t r o g e n  
a t o m  in  the t h r e e - c e n t r e  bon d ed  s e q u e n c e ,  and a r e  t h e r e f o r e  of  
r e l e v a n c e  to  th e  w o r k  e m b o d i e d  in  t h i s  t h e s i s .
H o w e v e r ,  a l th o u g h  t r i h e t e r a p e n t a l e n e s  c o n t a i n i n g  the  N - S - O
156s e q u e n c e  h a v e  p r e v i o u s l y  b e e n  s y n t h e s i s e d  , t h e i r  s t r u c t u r e  
h a s  n o t  b e e n  i n d i s p u t a b l y  a s c e r t a i n e d .  X - R a y  c r y s t a l l o g r a p h i c  
s t u d i e s  of o x a t h i a p e n t a l e n e s  ( s e e  i n t r o d u c t i o n ,  s e c t i o n  A) h a v e  
show n that  the  S - O  i n t e r a c t i o n s  o b s e r v e d  in  t h e s e  c o m p o u n d s  a r e  
r a t h e r  w e a k .
In v i e w  of  the  u n c e r t a i n t y  about  the  n a t u r e  of  the bond ing  
in  o x a t h i a a z a p e n t a l e n e s , the c o m p o u n d s  p r e p a r e d  by G o e r d e l e r  a r e
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of r a t h e r  l i m i t e d  i n t e r e s t .  It sh ou ld  p r o v e  m o r e  v a l u a b l e  to  
s y n t h e s i s e  s i m i l a r  c o m p o u n d s  w h e r e  su lphur  o r  n i t r o g e n  
r e p l a c e s  the o x y g e n  a t o m ,  a s  S - S  and S - N  b o n d s  in t r i h e t e r a ­
p e n t a l e n e s  a r e  g e n e r a l l y  s t r o n g e r  than  S - O  b o n d s .  A t t e m p t s  to  
p r e p a r e  s u c h  c o m p o u n d s ,  bo th  by n e w  m e t h o d s  and by e x t e n s i o n s  
o f  e s t a b l i s h e d  p r o c e d u r e s ,  a r e  d e s c r i b e d  b e l o w .  T h e  c o m p o u n d s  
s y n t h e s i s e d  m a y  be  f o r m u l a t e d  a s  m o n o c y c l i c  o r  b i c y c l i c  s t r u c t u r e s  
B i c y c l i c  f o r m u l a t i o n s  a r e  u s e d  t h r o u g h o u t .
G o e r d e l e r  h a s  u t i l i s e d  the i m i n e  (59)  a s  a s u b s t r a t e  in
s e v e r a l  r e a c t i o n s .  A lt h o u g h  t h i s  type  of  c o m p o u n d  m a k e s  a
c o n v e n i e n t  s t a r t i n g  m a t e r i a l ,  the u s e  of t h i s  p a r t i c u l a r  c o m p o u n d
i s  d i s a d v a n t a g e o u s .  4 , 5 - D i h y d r o - 5 - i m i n o - 1, 2 ,  4 - t h i a d i a z o l e s ,
(62 ) ,  w h ic h  a r e  un s u b s t i t u t e d  in  the  3 - p o s i t i o n ,  h a v e  b e e n  s h o w n  
113to r e a r r a n g e  , in  h ig h  y i e l d ,  and und er  f a i r l y  m i l d  c o n d i t i o n s ,  
to  c o m p o u n d s  ( 6 3 ) .  T h e  p r e s e n c e  of  t h e s e  p o t e n t i a l l y  r e a c t i v e  
s u b s t r a t e s  in  a r e a c t i o n  i s  u n d e s i r a b l e .  It w a s  t h e r e f o r e  d e c i d e d  






t h e s e  c o m p o u n d s  a r e  m u c h  l e s s  s u s c e p t i b l e  to r e a r r a n g e m e n t 113
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T h e  s a l t  (65a)  and the i m i n o - c o m p o u n d  ( 66a) w e r e  
r e a d i l y  p r e p a r e d  u s i n g  the  e s t a b l i s h e d  m e t h o d s .  T h e  s a l t  (65b)  
w a s  o b ta in ed  in good y i e l d  by b o i l i n g  5 - a m i n o - 3 - m e t h y l t h i o - 1, 2,  4 
t h i a d i a z o l e  (64) w i t h  m e t h y l  i o d i d e .  N e u t r a l i s a t i o n  w i th  d i lu te  
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(64) (65b) ( 66b)
M e t h y l -  and m e t h y l t h i o - s u b s t i t u t e d  s t a r t i n g  m a t e r i a l s  w e r e  
c h o s e n  b e c a u s e  the  s i m p l i c i t y  of  t h e i r  s t r u c t u r e  s i m p l i f i e s  
n m r  s p e c t r a l  s t u d i e s ,  and b e c a u s e  they  a r e  r e a d i l y  a v a i l a b l e .
1. S y n t h e s i s  o f  T h i a a z a p e n t a l e n e s
4a . S y n t h e s i s  of 3 , 5 , 6 - T ri  s u b s t i t u t e d -  6PI -3aA. - t h i a -  1 , 2 ^ ^  , 6 - 
p e n t a a z a p e n t a l e n e  s
The i m i n o  c o m p o u n d s  ( 66a) and ( 66b) c o u p l e d  w i th  
a r e n e d i a z o n i u m  f l u o r o b o r a t e s  in  a c e t o n i t r i l e  c o n t a i n i n g  5% 
p y r i d i n e  at r o o m  t e m p e r a t u r e .  T h e  e x p e c t e d  p r o d u c t s .
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f o r m u l a t e d  a s  the  b i c y c l i c  s p e c i e s  ( 6 7 a - d ) ,  w e r e  o b t a in e d  in 










( 66 ) ( 6 7 a - d )
R A r
a M e P h
b M e
c M e S P h
d M e S
T w o  y e l l o w  p r o d u c t s  w e r e  f o r m e d  in  the  s y n t h e s i s  of  
c o m p o u n d  (6 7 b ) .  T h i s  m i x t u r e  w a s  c o n v e r t e d  in to  a s i n g l e  c o m p o u n d  
by d i s s o l v i n g  i t in  c h l o r o f o r m  and b o i l i n g  the s o l u t i o n  in  the p r e s e n c e  
of a l u m i n a .  T h e  r e s u l t i n g  p r o d u c t  had i d e n t i c a l  t ic  b e h a v i o u r  to  
t h e  s l o w e r - r u n n i n g  c o m p o n e n t  of  the  o r i g i n a l  m i x t u r e .  A p u r e  
s o l id  s a m p l e  of  th e  s l o w e r - r u n n i n g  p r o d u c t , w h i c h  had  b e e n  l e f t  s ta n d in g  
i n  d a y l ig h t  f o r  a f e w  d a y s ,  s h o w e d  tw o  s p o t s  on t ic  . T h i s  i n d i c a t e d  
that  i s o m é r i s a t i o n  w a s  t ak in g  p l a c e .
F u r t h e r  e v i d e n c e  of  t h i s  w a s  o b t a in e d  u s i n g  I^T n m r  
s p e c t r o s c o p y .  T h e  s p e c t r u m  of the m i x t u r e  in c h l o r o f o r m - D ^  
c o n t a in e d  a r o m a t i c  p r o t o n  r e s o n a n c e s ,  and tw o  p a i r s  of  s i g n a l s  
c o r r e s p o n d i n g  to fo u r  m e t h y l  g r o u p s  in the  a p p r o x i m a t e  r a t i o  of  3 :1 .
A s  t i m e  e l a p s e d ,  the r a t i o  of  the p a i r s  of s i g n a l s  a l t e r e d ,  u n t i l ,  
a f t e r  24 h o u r s ,  the  s p e c t r u m  w a s  i d e n t i c a l  to  that  of  the m o r e  p o l a r  
c o m p o n e n t  o f  the  m i x t u r e  ( s e e  T a b l e  3) .
P h o t o c h e m i c a l  i s o m é r i s a t i o n  of s o l u t i o n s  of  t r i t h i a -
. 1 157 , 1 5 8 - 1 6 1  . . . . .   ^ , 162pent  a l e  ne s , o x a d i t h i a p e n t a l e n e  s and d i t h i a a z a p e n t a l e n e  s
h a v e  p r e v i o u s l y  b e e n  s tu d ie d  by  o t h e r  w o r k e r s .  I r r a d i a t i o n  w i t h
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u l t r a v i o l e t  l i g h t  r e s u l t s  in  the f o r m a t i o n  of  a p h o t o p r o d u c t ,  
w h ic h  q u i c k l y  r e v e r t s  to  the  s t a r t in g  m a t e r i a l  in  a d ark  r e a c t i o n .
T a b l e  3: I s o m é r i s a t i o n  of C o m p o u n d  (67b) - V a r i a t i o n  of  H n m r
S p e c t r u m  w i th  T i m e
Me f 'NN-------- S N-------s — —N P h
i m e  
lOur s) M e  ^ M e^ M e^ Me^ R a t i o  M
0 6  2 . 4 3 ^ 3 . 3 2 ^ 2 . 5 6 5 3 . 8 6 3:10
l i 2 . 4 3 3 . 3 2 2 . 5 6 3.  86 2:3
4 2 . 4  3 3. 32 2 . 5 6 3 . 8 6 1:1
2 . 4 3 3 . 3 2 2 . 5 6 3.  86 3:2
24 2 . 5 9 3. 86 o o
T h e  p h o t o p r o d u c t  i s  g e n e r a l l y  a c c e p t e d  a s  b e i n g  a t r a n s - i s o m e r  
of  the  s t a r t i n g  m a t e r i a l .  H o w e v e r ,  the  i s o m é r i s a t i o n  e n c o u n t e r e d  
in the  p r e s e n t  c a s e  i s  p e r s i s t e n t .  T h e  f a c t  that  d a y l ig h t  c a n  i n d u c e  
i s o m é r i s a t i o n  s u g g e s t s  that  a n y  t h r e e - c e n t  r e  b ond ing  p r e s e n t  in  th e  
p r o d u c t  i s  a w e a k  i n t e r a c t i o n ,  w h ic h  r e q u i r e s  o n l y  r e l a t i v e l y  
l o w  - e n e r g y  r a d i a t i o n  to d i s r u p t  i t .  T h e  p r o d u c t s  m a y  t h e r e f o r e  











4b . S y n t h e s i s  of  1, 2, 4 - T  ri  s u b s t i t u t e d  - 1 H - 3 a X  - t h i a - 1, 3, 4 , 6 - 
t e t r a a z a p e n t a l e n e s
T h e  i m i n e  ( 66a) r e a c t e d  wi th  a p r e v i o u s l y  p r e p a r e d  s o lu t i o n  
of  p h o s p h o r y l  c h l o r i d e  in  d i m e t h y l f o r m a m i d e ,  at  r o o m  t e m p e r a t u r e ,  
to  f o r m  a s o l u t i o n  of  th e  V i l s m e i e r  s a l t  (7 0a ) .  T h i s  s a l t ,  v /h ich  
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( 66a) (70a)
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(71a)
c o l o u r l e s s  p r o d u c t  f o r m u l a t e d  a s  th e  t h i a t e t r a a z a p e n t a l e n e  (7 l a ,  
R = M e ) ,  in  23% y i e l d .
C o m p o u n d  (7 lb)  w a s  p r e p a r e d  d i r e c t l y  f r o m  the t h i a d i a z o l i u m  
s a l t  (65b) .  A s o l u t i o n  of  the  s a l t  in d i m e t h y l f o r m a m i d e  w a s  t r e a t e d  
w ith  t r i e t h y l a r n i n e ,  f o l l o w e d  by  p h o s p h o r y l  c h l o r i d e ,  to  g i v e  the  
V i l s m e i e r  s a l t  (70b) in s o l u t i o n .  C o n d e n s a t i o n  w i t h  a q u e o u s
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m e t h y l a m i n e  g a v e  the d e s i r e d  p r o d u c t  (7 lb)  in  56% y ie ld
Me-N' + Me
N( ^ t
  r  (ii)P oc]^ /D M F   s
(65b)
N M e „  + ^
PO_CM  (70b)   ^ ^
MeNH^ M ^  
 >■
MeN \  :
N S N M e
(71b)
2. S y n t h e s i s  o f  O x a -  and S e l e n a - t h i a a z a p e n t a l e n e s
a .  P r e p a r a t i o n  of 5 - A c e t a m i n o - 3 - m e t h y l - 1, 2, 4 - t h i a d i a z o l e
T h e  1, 2, 4 - t h i a d i a z o l e  (72) ,  w h en  b o i l e d  in  a c e t i c  a n h y d r i d e  
fo r  30 m i n u t e s ,  g a v e  5 - a c e t a m i n o - 3 - m e t h y l -  1 , 2 , 4  - t h i a d i a z o l e  (73)  








b.  S y n t h e s i s  of  2,  5,  6 - T r i m e t h y l - 6 H - 3 - o x a - 3 a \  - t h i a -  1 , 4 , 6 -  
t r i a z a p e n t  a l e n e
(i) Me_t:^latipn_o^ A Ç^e^amj no-_ 3 _ 4  - J t h i ^ i a ^ j ^ e _
5 - A c e t a m i n o  - 3 - m e t h y l - 1, 2 ,  4 - t h i a d i a z o l e  (7 3) i s  p o t e n t i a l l y  
a p r e c u r s o r  of 1 , 6 , 6a"X ^ - t r i h e t e r a p e n t a l e n e s ,  a s  w e l l  a s  the
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6H - t r i h e t e r a p e n t a l e n e  s w h i c h  a r e  the  p r i n c i p a l  c o n c e r n  of  the  
p r e s e n t  w o r k .  T h e r e  a r e  t h r e e  p o s s i b l e  s i t e s  f o r  N - m é t h y l a t i o n  
in  c o m p o u n d  (7 3). M é t h y l a t i o n  f o l l o w e d  by n e u t r a l i s a t i o n  of  the  
r e s u l t i n g  s a l t  c o u l d  t h e r e f o r e  g i v e  t h r e e  d i f f e r e n t  i s o m e r i c  p r o d u c t s ,  




Me M e Me
(76)
C o m p o u n d  (74)  w ou ld  a r i s e  f r o m  m é t h y l a t i o n  at N - 2 ,  and  
i s  an  e x a m p l e  o f  the  c o n v e n t i o n a l  type  of 1 , 6 , 6a \ ' ^ - t r i h e t e r a p e n t a l e n e .  
M é t h y l a t i o n  at N - 4  w o u ld  l e a d  to c o m p o u n d  (7 5),  a 6H - t r i h e t e r a -  
p e n t a l e n e .  R e a c t i o n  w i th  the n i t r o g e n  a t o m  in the s i d e - c h a i n  
would  g i v e  the 1 , 2 ,  4 - t h i a d i a z o l e  d e r i v a t i v e  (76 ) .
M é t h y l a t i o n  of  c o m p o u n d  (7 3), in  b o i l i n g  d r y  b e n z e n e ,  w a s  
c a r r i e d  out w i th  m e t h y l  f l u o r o s u l p h o n a t e .  N e u t r a l i s a t i o n  of  the  
g l a s s y  p r o d u c t  w i th  s o d i u m  c a r b o n a t e  g a v e  c o m p o u n d  (75)  in  35% 
y i e l d .  T h e  s t r u c t u r e  of  t h i s  p r o d u c t  w a s  c o n f i r m e d  by  an  
u n e q u i v o c a l  s y n t h e s i s , ■ w h i c h  w i l l  n o w  be d e s c r i b e d .
(ii) ;Ace_^ln.t_ion_o£ I j  5 -p ü i jr c H 'q j^ -û m in q -3_, i, -_dmieUiylMj_2_ ^ i r l b m d i a z ^ l e  
T h e  i m i n e  ( 66a) w a s  s t i r r e d  in  a c e t i c  a n h y d r i d e  fo r  30 
m i n u t e s  at  r o o m  t e m p e r a t u r e .  The  c o l o u r l e s s  o x a t h i a t r i a z a p e n t a l e n e  
(7 5) w a s  f o r m e d  in 47% y i e l d .  T h i s  c o m p o u n d  w a s  i d e n t i c a l  ( m e l t i n g
I
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po in t ,  m i x e d  m e l t i n g  p o in t ,  m a s s  s p e c t r u m ,  H n m r  s p e c t r u m )  










c^ P r e p a r a t i o n  of  5 - F o r m a m i n o - 3 - m e t h y l - 1, Z, 4 - t h i a d i a z o l e
T h e  t h i a d i a z o l e  (72) w a s  b o i l e d  w i th  f o r m i c  a c id  in x y l e n e  
fo r  24 h o u r s ,  a f f o r d i n g  a m i x t u r e  of  5 - f o r m a m l n o -  3 - m e t h y l -  1 , 2 , 4 -  
t h i a d i a z o l e  (77)  and u n r e a c t e d  s t a r t i n g  m a t e r i a l .  N m r
s p e c t r o s c o p y  s h o w e d  that  the  product :  s u b s t r a t e  r a t i o  w a s  








f r o m  e th a n o l  g a v e  the d e s i r e d  p r o d u c t  (77) a s  c o l o u r l e s s  p r i s m s ,  
in  52% y i e l d .
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d , S y n t h e s i s  a n d  A t t e m p t e d  S y n t h e s i s  of  5 ,  6 - D i s u b s t i . t u t e d - 6 H -  
43 - o x a -  3aX - t h i a -  1 , 4 ,  6 - t r i a z a p e n t a l e n e  s
(i) M e t h y l a t  1 o i ^ o f  5-
T h e  t h i a d i a z o l e  (77)  i s  s i m i l a r  to  5 - a c e t a m i n o - 3 - m e t h y i -  
1 , 2 ,  4 - t h i a d i a z o l e  in  tha t i t  h a s  t h r e e  p o s s i b l e  s i t e s  f o r  N - m é t h y l a t i o n .  
M é t h y l a t i o n  a t  N - 2  w o u l d  l e a d  to  t h e  t r i h e t e r a p e n t a l e n e  (76 ) ,  r e a c t i o n  
a t  N - 4  t o  t h e  6 H - t r i h e t e r a p e n t a l e n e  (7 9a) w h i l e  m é t h y l a t i o n  in  t h e  
s i d e - c h a i n  w o u l d  g iv e  t h e  t h i a d i a z o l e  (80) .











M é t h y l a t i o n  w a s  c a r r i e d  o u t  u s i n g  m e t h y l  f l u o r o s u l p h o n a t e  
in  d r y  c h l o r o f o r m .  T r e a t m e n t  of  t h e  t a r r y  p r o d u c t  w i t h  a n  e x c e s s  
of a q u e o u s  s o d i u m  c a r b o n a t e  g a v e  c o m p o u n d  ( 7 9 a )  i n  l o w  y i e l d .
I t  w a s  c o n f i r m e d  t h a t  t h e  c o r r e c t  s t r u c t u r e  h a d  b e e n  a s s i g n e d  to  
c o m p o u n d  (7 9 a ) ,  w h e n  t h e  s a m e  c o m p o u n d  w a s  s y n t h e s i s e d  b y  a n  
a l t e r n a t i v e  r o u t e  ( s e e  ( i i i )  b e l o w ) .
(ii) A t t e m p t  e ^  F  o r  IP y l a t  hoii  ^of _th e _VjJL s m e  r  S a l  t ^  0 ’.2)„
S o l u t i o n s  of  t h e  V i l s m e i e r  s a l t s  (70a)  a n d  (70b)  w e r e  
t r e a t e d  w i t h  d i l u t e  s o d i u m  h y d r o x i d e .  T h e  e x p e c t e d  p r o d u c t s  (79a)  
a nd  (7 9b) w e r e  n o t  f o r m e d .  N o  u s e f u l  m a t e r i a l  w a s  o b t a i n e d  f r o m
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the s a l t  ( 70a ) .  H o w e v e r ,  the s a l t  (70b) a f f o r d e d  the i m i n e  ( 66b)
Me
N
/ N - R






a ,  R =M e;  b ,  R = S M e
(70)
(7 9)
in  5 0% yi  e ld .
It i s  s o m e w h a t  s u r p r i s i n g  that  the r e a c t i o n  f a i l e d  to  g iv e  
the d e s i r e d  p r o d u c t s ,  w h i c h  a r e  s ta b le  c o m p o u n d s ,  and w h i c h  w e r e  
s u c c e s s f u l l y  s y n t h e s i s e d  by o t h e r  r o u t e s .  T h e  r e a c t i v i t y  of the  
V i l s m e i e r  s a l t s  (70a)  and (70b)  i s  no t  o pen  to q u e s t i o n ,  a s  t h e y  h a v e  
a l r e a d y  b e e n  s h o w n  to  r e a c t  s u c c e s s f u l l y  w i th  m e t h y l a m i n e .  A l s o ,  
in  s e c t i o n  3 of  t h i s  d i s c u s s i o n ,  th e  s u c c e s s f u l  r e a c t i o n  o f  the  
V i l s m e i e r  s a l t s  (70a)  and (70b) w i th  s o d i u m  h y d r o g e n  su lp h id e  w i l l  
be d e s c r i b e d .
( i i i )  FRi"£PY.latmn ^ B T P z ^ t r É i l T b y l ' l  
_tlii ad ^  ^ o l e _
T h e  i m i n e  (66a) w a s  s t i r r e d  in  f o r m i c  a c i d  f o r  30 m i n u t e s  
and g a v e  the o x a t h i a t r i a z a p e n t a l e n e  (7 9a) in 56% y i e l d .  T h i s  
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(66a) (7 9a)
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m e l t i n g  point )  to  the s a m p l e  p r e v i o n s l y  p r e p a r e d  f r o m  
5 - f o r m a m i n o -  3 - m e t h y l -  1 , 2 ,  4 - t h i a d i a z o l e  .
A 4(iv) H y d r o l y s i s  of  1, 4 - D i m e t h y l - 2 - m e t h y l t h i o - I H - 3 a X  - t h i a -  
1, 3 , 4 ,  6 - t e t r a a z a p e n t a l e n e
T h e  t r i h e t e r a p e n t a l e n e  (71b) w a s  a d s o r b e d  on  to  a c o l u m n  
of  s i l i c a ,  and the  c o l u m n  w a s  e lu te d  w i th  e t h e r .  T h i s  a f f o r d e d  the  
t r i h e t e r a p e n t a l e n e  (7 9b) in 35% y i e l d .  T h e  e a s e  o f  h y d r o l y s i s  of
MeS
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s i l i c a M eS




c o m p o u n d  (71b) g i v e s  an  i n d i c a t i o n  of  the  l a b i l i t y  of  c o m p o u n d s  
c o n t a i n i n g  the  N - S - N  s e q u e n c e .
e .  A t t e m p t e d  S y n t h e s i s  of  5,  6 - D i m e t h y l - 6H - 3 a X  - t h i a - 3 - s e l e n a - ...  II. w I !■ .  mil ^  i I I !■ ««Iiar  II HI .m. I I ■■ ■■- IIII». i m II 111 I ■ III. I I—™!» — ................mm- =1» I I I X II I I W  MI«. |^»|« H 'M ■ ■ III ■ii« I IIIIJI ■ III» i l l  I nil    I I I I
1 , 4 ,  6 - t r i a z a p e n t a l e n e
A s o l u t i o n  o f  t h e  V i l s m e i e r  s a l t  (70a )  w a s  t r e a t e d  w i t h  
s o d i u m  h y d r o g e n  s e l e n i d e .  I n s t e a d  of  t h e  e x p e c t e d  p r o d u c t  (81 ) ,  
a  q u a n t i t y  of d i m  e t h y l  s e l e n o f o r m a m i d e  (83)  w a s  o b t a i n e d .  T h i s  
c o m p o u n d  w a s  i d e n t i f i e d  by  i t s  ^H n m r  s p e c t r u m ,  m a s s  s p e c t r u m  
and  b o i l i n g  p o i n t .  T h e  p r o d u c t  (83), p r e s u m a b l y  a r o s e  f r o m  r e a c t i o n  











4"M e  N = C H C 1  
(82)
-  SeH M e  N C H S e
(83)
3.  S y n t h e s i s  o f  D i t h i a a z a p e n t a l e n e s
a .  S y n t h e s i s  of  5 , 6 - D i s u b s t i t u t e d - 6 H - 3 ,  3 a \ " ^ - d i t h i a - l , 4 , 6 - 
t r i a z a p e n t a l e n e  s
(i) Thiofo_rm_Ylatmn o f J :^ _ V i l _ s m e i e r _ S a J .^ .17.9L
S o l u t i o n s  of the  V i l s m e i e r  s a l t s  (70a)  and (70b) w e r e
t r e a t e d  w i th  s o d i u m  h y d r o g e n  s u lp h id e  s o lu t i o n ,  and g a v e  the
d i t h i a t r i a z a p e n t a l e n e s  (84a)  and (84b),  in  35 and 58% y i e l d













a ,  R “Me;  b ,  R=M eS
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T h e  H n m r  s p e c t r u m  of  e a c h  p r o d u c t  c o n t a i n s  an
a b s o r p t i o n  at  c a  S 1 0 . 5 ,  c o r r e s p o n d i n g  to the  r in g  p r o t o n .  It i s  
37kn ow n  that  a p r o t o n  ly in g  a d j a c e n t  to a s u lp h u r  a t o m ,  in a 
1, 6 , 6a " X ^ -tr i th iapenta lene  g e n e r a l l y  r e s o n a t e s  a t  b e t w e e n  i> 8 . 5 and
9 . 4 ,  w h e r e a s  the  a l d e h y d i c  p r o t o n  of  a h e t e r o c y c l i c  t h i o a l d e h y d e  
g e n e r a l l y  r e s o n a t e s  d o w n f i e ld  of  5 1 0 . 2  . T h i s  s u g g e s t s  that
the p r o d u c t s  (84a)  and (&4b) h a v e  the t h i o a l d e h y d e - t y p e  s t r u c t u r e  
( 8 5 ) .  T h i s  e v i d e n c e  c a n n o t  b e  r e g a r d e d  a s  b e i n g  c o n c l u s i v e ,  a s  
it m a y  be a r g u e d  that  th e  p r e s e n c e  o f  tw o  e l e c t r o n - w i t h d r a w i n g  
g r o u p s  a d j a c e n t  to  t h e  r in g  p r o t o n  c o u l d  c a u s e  a l a r g e  de s h i e l d i n g  
e f f e c t ,  s i m i l a r  to the de s h i e l d i n g  o b s e r v e d  in  t h i s  c a s e .
I
(ii) Thloriathon pf_5 , ^ D i m e t h y d - 26H - 3-c))g.2;3^ Y^ 
p e n t a le n e
T h e  t r i h e t e r a p e n t a l e n e  (79a)  w a s  b o i l e d  w i th  p h o s p h o r u s  
p e n t a s u l p h i d e  i n  d r y  p y r i d i n e ,  and g a v e  the p r o d u c t  (84a)  in good  
y i e l d .  T h i s  p r o d u c t  w a s  i d e n t i c a l  ( m . p .  , m i x e d  m . p .  , m a s s  
s p e c t r u m ,  n m r  s p e c t r u m )  w i th  the s a m p l e  p r e p a r e d  by the  












b . S y n t h e s i s  of 2 , 5,  6 - T r l s u b s t i t u t e d - 6H - 3,  3aX  - d i t h i a - 1 , 4 , 6 -- 
t r i a z a p e n t a l e n e  s
(i) T h i o n a t i o n  o f  2 , 5 ,  6 - T r i m e t l w l ~ 6 H - 3 - o x a - 3 a * X ' ^ - t h i a - l  , 4 , 6 -  
i^ a z ^  ^  ^  ^  ne
T h e  t r i h e t e r a p e n t a l e n e  (75) w a s  b o i l e d  w i th  p h o s p h o r u s  
p e n t a s u l p h i d e  in  t o l u e n e  to g i v e  the  y e l l o w  p r o d u c t  ( 86) in  4 0% y ie ld ,
Me




(7 5) ( 86)
(i i)  T h e  J l j e ^ ^ 9 3 S Di_si^phM^
S o l u t i o n s  of  the  s a l t s  (65a)  and (65b) w e r e  t r e a t e d  w i th  
an  e x c e s s  of t r i e t h y l a m i n e , f o l l o w e d  by c a r b o n  d i s u l p h i d e .
T h e  r e s u l t i n g  r e d  s o l u t i o n s ,  w h i c h  w e r e  b e l i e v e d  to  c o n t a in  
the I n t e r m e d i a t e s  (87a)  and ( 8 7 b ) , w e r e  t r e a t e d  w i th  an e x c e s s  
of  m e t h y l  i o d i d e ,  and r a p i d l y  d e c o l o u r i s e d  to g i v e  the p a l e  y e l l o w  
p r o d u c t s  ( 88a) and ( 88b) in  m o d e r a t e  y i e l d .




S (11) CS N 8
(87)
a ,  R= Me;  b ,  R = M e S







4 . A t t e m p t e d  S ynthe s i s  of 5 ,  6 - D i m e t h y l - 6H - 3, 3 a l \  " d i th ia -  
1 , 2 , 4 ,  6 - t e t r a a z a p e n t a l e n e
a . P r e p a r a t i o n  of  5, 6 - D i m e t h y l - 6H - 3 - o x a - 3 a  A - t h i a - 1, 2,  4 , 6 - 
t e t r a a z a p e n t a l e n e
T h e  t r i h e t e r a p e n t a l e n e  (89) w a s  o b t a in e d  i n  m o d e r a t e  y i e l d
f r o m  the t h i a d i a z o l i u m  s a l t  (65a)  u s i n g  a s l i g h t  m o d i f i c a t i o n  of  the
e s t a b l i s h e d  p r o c e d u r e  f o r  th e  n i t r o s a t i o n  of 5 - i m i n o -  1 , 2 ,  4 - t h i a -
T 107 d i a z o i e s
^ 4b.  A t t e m p t e d  T h i o n a t i o n  of  5, 6 - D i m e t h y l - 6 H - 3 - o x a - 3 a \  - t h i a -
1 , 2 , 4 ,  6" t e t r a a z a p e n t a l e n e
W h e n  c o m p o u n d  (89) w a s  b o i l e d  w i th  p h o s p h o r u s  p e n ta  s u lp h id e
in  p y r i d i n e ,  the  e x p e c t e d  t h io n a t i o n  p r o d u c t  ( 90 ) w a s  not  f o r m e d .
I n s t e a d ,  the c o l o u r l e s s  th io n e  (91)  w a s  o b ta in ed  in  m o d e s t  y i e l d .
M e
Me Me Me. • • ^  ' ~ U i   > IW S S N ------ S----------O N-------
(90)  (89)  (91)
T h i s  p r o d u c t  a r i s e s  f r o m  the  d e c o m p o s i t i o n  of  the s u b s t r a t e  (89)  
by  t h io n a t io n  and l o s s  of  the  e l e m e n t s  of  N ^ O . W h e n  the r e a c t i o n  
w a s  r e p e a t e d  u s i n g  t o l u e n e  a s  s o l v e n t ,  b r o w n  o x i d e s  of  n i t r o g e n  
w e r e  s e e n  to  b e  l i b e r a t e d .
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5. T h e  R e a c t i o n  of  4 , 5 - D i h y d r o - 5 - i m i n o - 3, 4 - d i m e t h y l "  1 , 2 ,  4 -  
th iadia  z o le  w i th  I s o ( t h i o ) c  yan ate
T he  i m i n e  ( 66a) r e a c t e d  wi th  p h e n y l  i s o t h i o c y a n a t e  g i v in g  
r i s e  to a c o l o u r l e s s  p r o d u c t  in h igh  y i e l d .  T h i s  p r o d u c t  c o u ld  
be r e p r e s e n t e d  by o n e  of  s e v e r a l  d i f f e r e n t  i s o m e r i c  f o r m u l a e .  
C o m p o u n d  (92) i s  a r a r e  e x a m p l e  of a t r i h e t e r a p e n t a l e n e  c o n t a i n i n g  
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g i v e  r i s e  to the f u l l y  a r o m a t i c  t r i h e t e r a p e n t a l e n e  ( 9 3 )  . C o m p o u n d  
(94)  w o u ld  b e  f o r m e d  by  r e a c t i o n  w i th  p h e n y l  i s o t h i o c  y a n a t e , 
f o l l o w e d  by a p r o t o t r o p i c  s h i f t .  T h i s  c o m p o u n d  m a y  be  r e f o r m u l a t e d  
a s  the m o n o c y c l i c  s t r u c t u r e  (95 ) .  T h e  n m r  s p e c t r u m  of the  
p r o d u c t  h a s  a v e r y  b r o a d  a b s o r b t i o n  at S  8 . 4 4 ,  c o r r e s p o n d i n g  to  
one  p r o t o n .  T h i s  i s  l i k e l y  to be  a a b s o r b t i o n ,  a s  t h io l s
g e n e r a l l y  r e s o n a t e  at  m u c h  h i g h e r  f i e l d .  T h e r e f o r e  s t r u c t u r e  (93)
can  be r u l e d  out .  N o  f u r t h e r  d e f in i t e  a s s i g n m e n t  of  the  s t r u c t u r e
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c o u ld  be m a d e ,  a l th o u g h  it  i s  p o s s i b l e  to a r g u e  that  s t r u c t u r e s  
( 94 ) and ( 95) c a n  b e  d i s c a r d e d  on g r o u n d s  of  c o l o u r .  T h e  
r e a c t i o n  p r o d u c t  i s  c o l o u r l e s s ,  w h e r e a s  a l l  th e  o t h e r  c o m p o u n d s  
s y n t h e s i s e d  d u r in g  the  c o u r s e  of  t h i s  w o r k ,  w h ic h  c o n t a in e d  the  
S - S - N  s e q u e n c e ,  w e r e  y e l l o w  in  c o l o u r .
T h e  r e a c t i o n  of  p h e n y l  i s o c y a n a t e  w i th  the i m i n e  (66a)  
l ed  to the f o r m a t i o n  of  a c o l o u r l e s s  p r o d u c t  in  good  y i e l d .  T h e  
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(99)
P o s i t i v e  a s s i g n m e n t  of  the  c o r r e c t  s t r u c t u r e  i s  m o r e  d i f f i c u l t  
in t h i s  c a s e .  S t r u c t u r e  (97) c a n n o t  be d i s r e g a r d e d  a s  -OH
a b s o r b t i o n s  c a n  be  found a l m o s t  a n y w h e r e  in  the ^H n m r  s p e c t r u m
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C o n c l u s i o n
T h e  f o r e g o i n g  r e s u l t s  s h o w  that  i t  i s  p o s s i b l e  to 
s y n t h e s i s e  c o m p o u n d s  w h i c h  m a y  be f o r m u l a t e d  a s  t r i h e t e r a ­
p e n t a l e n e  s c o n t a i n i n g  t h e  n o v e l  f e a t u r e  of  a p y r i d i n e - t y p e  n i t r o g e n  
a t o m  in the t h r e e - c e n t r e  bond ed  s e q u e n c e .  T h e s e  c o m p o u n d s  h a v e  
b e e n  p r e p a r e d  both  b y  n e w  m e t h o d s  and by e x t e n d i n g  p r e v i o u s  
synthe  s e s .
It h a s  not  b e e n  p o s s i b l e  to  f i r m l y  e s t a b l i s h  the e x a c t  
s t r u c t u r a l  n a t u r e  of t h e s e  c o m p o u n d s ,  a l thou gh  s e v e r a l  p i e c e s  
of e v i d e n c e ,  su c h  a s  the  i s o m é r i s a t i o n  of  the  p e n t a a z a  c o m p o u n d  
(67b) and the c h e m i c a l  s h i f t  of  th e  r in g  p r o t o n  in  c o m p o u n d s  (84a)  
u ■ ' and (84b) wou ld  s e e m  to  i n d i c a t e  that  the  s t r u c t u r e s  a r e  m o n o c y c l i c .
X - R a y  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n s  of  s e v e r a l  of  the c o m p o u n d s  
d e s c r i b e d  h e r e  a r e  c u r r e n t l y  b e i n g  c a r r i e d  out  in  t h i s  d e p a r t m e n t ,
6 . T h e  R e a c t i o n  of  T h i o p h o s g e n e  with 4 , 5 - D i h y d r o - 5 - i m i n o  - 1 , 2 , 4 -  
t h i a d i a z o l e  s
It w a s  d e c i d e d  to i n v e s t i g a t e  the p o s s i b i l i t y  that  the i m i n e s  
( 66a) and ( 66b) w ou ld  r e a c t  w i th  t h i o p h o s g e n e  ( 100) to  g iv e  the  
p r o d u c t s  ( 101a) and ( 101b),  w h i c h  h a v e  the p o t e n t i a l  to e x h ib i t  
f i v e - c e n t r e  b o n d in g .  F i v e - c e n t r e  bonded  s y s t e m s  w h ic h  c o n s i s t  
of  an  a r r a y  of t h r e e  s u lp h u r  and two n i t r o g e n  a t o m s  h a v e  not  
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( 66 ) ( 100) ( 101)
a ,  R=M e;  b,  R = M e S
A n e x c e s s  o f  th e  i m i n e  (66a) or (66b),  d i s s o l v e d  in  
s o d i u m  d r y  b e n z e n e ,  w a s  a l l o w e d  to r e a c t  w i t h  t h i o p h o s g e n e ,  
in th e  p r e s e n c e  of  an  e x c e s s  o f  t r i e t h y l a m i n e .  T h e  p r o d u c t s  
w e r e  found to  b e  o x y g e n - c o n t a i n i n g  c o m p o u n d s ,  f o r m u l a t e d  a s  











a ,  R = M e ;  b ,  R =M eS
T h e  n m r  s p e c t r a  of  the p r o d u c t s  c o n t a in e d  o n l y  two  b r o a d  
s i g n a l s ,  th u s  i m p l y i n g  that  both  the  m e t h y l  g r o u p s  and both  the  
R - g r o u p s  w e r e  e q u i v a l e n t .  It i s  no t  p o s s i b l e  to s a y  w h e t h e r  t h i s  
e q u i v a l e n c e  i s  r e a l ,  a s  in  ( 102a) and ( 102b) ,  or  m e r e l y  a 
t i m e - d e p e n d e n t  e f f e c t ,  c a u s e d  by the r a p id  i n t e r c o n v e r s i o n  of 
two  e q u i v a l e n t  v a l e n c e  i s o m e r s  o f  c o m p o u n d  (103)  ( s e e  F i g u r e  2) .
L o w - t e m p e r a t u r e  H n m r  s t u d i e s  of  the p r o d u c t s  w e r e  not  f e a s i b l e ,
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F i g u r e  2: V a l e n c e  I s o m é r i s a t i o n  of  C o m p o u n d  (103)
ow in g  to t h e i r  l o w  s o l u b i l i t i e s .
It w a s  c o n c l u d e d  that  the s u l p h u r - c o n t a i n i n g  p r o d u c t s  
( 101) had b e e n  f o r m e d  but w e r e  u n s t a b l e ,  u n d e r g o i n g  h y d r o l y s i s  
to  the  o x y g e n  a n a l o g u e s  ( 102) .
7 .  T h e  U se  of  6H - T r i h e t e r a p e n t a l e n e s  a s  O i l  A d d i t i v e s
One of  the a i m s  of  t h i s  p r o j e c t  w a s  to p r e p a r e  n e w  
t r i h e t e r a p e n t a l e n e s  fo r  a s s e s s m e n t  a s  p o t e n t i a l  l u b r i c a t i n g  o i l  
a d d i t i v e s .  U n f o r t u n a t e l y ,  the  6H - t r i h e t e r a p e n t a l e n e s  p r e p a r e d  
dur ing  th e  c o u r s e  of t h i s  w o r k  p r o v e d  t o  be  r a t h e r  i n s o l u b l e  in  
m i n e r a l  o i l s ,  and h e n c e  t h e i r  p e r f o r m a n c e  c o u l d  no t  be  e v a l u a t e d
T h e  q u e s t i o n  of  l o w  o i l - s o l u b i l i t y  of  c e r t a i n  t r i h e t e r a -
90p e n t a l e n e s  had b e e n  e n c o u n t e r e d  in  a p r e v i o u s  c a s e  . T h i s  
p r o b l e m  w a s  a l l e v i a t e d  by  the  a d d i t io n  of l o n g - c h a i n  a l k y l  g r o u p s  
to  the c o m p o u n d s ,  w h i c h  i n c r e a s e d  t h e i r  s o l u b i l i t i e s  s u f f i c i e n t l y  
to  e n a b le  t h e m  to u n d e r g o  b e n c h - t e s t i n g .  It i s  h ope d  that  s i m i l a r  
m o d i f i c a t i o n s  w i l l  be c a r r i e d  out to the 6H - t r i h e t e r a p e n t a l e n e s
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s y n t h e s i s e d  d u r i n g  the c o u r s e  of  the c u r r e n t  w o r k .
A f e w  of  the c o m p o u n d s  s y n t h e s i s e d  p r o v e d  s o lu b le  
e nough  to  be t e s t e d  a s  p o t e n t i a l  i n h i b i t o r s  of  c o r r o s i o n  in  c o p p e r .  
T h e  c o m p o u n d s  w e r e  d i s s o l v e d  in  o i l ,  and t h e n  h e a t e d  f o r  s e v e r a l  
h o u r s  in  the p r e s e n c e  of  a c o p p e r  s t r i p .  T h e  a m o u n t  of  
t a r n i s h i n g  and p i t t in g  in  e a c h  s t r i p  w a s  c o m p a r e d  w i th  a blank  
s a m p l e ,  a s a m p l e  c o n t a i n i n g  a c o r r o s i o n  in h i b i t o r  k n o w n  to  be  
e f f e c t i v e ,  and w i th  s ta n d a r d  e x a m p l e s  of t a r n i s h i n g  and p i t t i n g .
T h e  r e s u l t s  s h o w e d  that  the 6H - t r i h e t e r a p e n t a l e n e s  had no  a d v a n t a g e  
o v e r  k n o w n  c o m m e r c i a l  c o r r o s i o n  i n h i b i t o r s .
T a b le  4 :
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N m r  S p e c t r a  of  6H - T h i a - 1,  2 , 3, 4 , 6 - 











3 - A r
N
NAr
7.  3 0 - 7 .  52 (3H ,  m ,  m- and p - H )  
7 .  6 8 - 7 .  81 ( 2 H , m ,  o - H )
7 . 7 8 ,  7 .  87 ( 2 H , p - H )
8 . 2 5 ,  8 . 34 ( 2 H , m - H )
7 .  2 5 - 7 .  7 8 (5H, m ,  a r o m a t i c  H)
7 . 7 1 ,  7 .  80 ( 2 H , p - H )
8 . 17,  8 . 26 ( 2 H , m - H )  ■
5 - R
2 . 4 6
2 . 5 7
2 . 6 4
2 . 6 4
6 - M e
3 . 7 5
3. 87
3 . 2 9
3 . 7 2
T a b l e  5; 1 _ 4H N m r  S p e c t r a  o f  6 H - 3 - O x a - 3 a \  - t h i a - 1 , 4 , 6 - t r iaz a -  
p e n t a l e n e s
C o m p o u n d 2 -R^ 5 - a / 6 - M e
75 2 . 3 6 2 . 5 0 3 . 7 0
7 9 a 9 . 0  (br) 2 . 5 3 3 . 7 3
79b 9 . 0  (br) 2 . 7 0 3. 67
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T a b l e  6 : N m r  S p e c t r a  of IH-3^v"^“Thia~ 1, 3, 4 , 6 - t e t r a a z a -
p e n t a l e n e s
R
Me ■ N \  ^ N -
N-  S - "NMe
C o m pound  
7 1a  
71b
1 - M e  
i .  61 
j . 5 5
2 - R 4 - M e
2 . 4 3  3 . 3 8 ( d , J 4 M e - 5 H
5 - H
1 . 3 )  8 . 25(q ,  p o o r l y  r) 1
2 . 6 2  3 . 3 6  "^Me 5H 8 . 20 (q ,  p o o r l y  r ) |
1 -\ 4T a b l e  7: H N m r  S p e c t r a  of  6 H - 3 , 3 a A  - D i t h i a - 1, 4 ,  6 - t r i a z a p e n t a l e n e i
R 5 t
N -S S
C om p ou n d 2 -R^ 5 - R ^ 6 - M e
84 a 1 0 . 5 1 2 . 5 9 3.  96
84 b 1 0 . 4 6 2 . 7 1 3 . 7 9
86 2 . 5 6 2. 84 3 . 8 3
88a 2.62"^ >\<2. 53 3 . 7 5
88b >!«2 . 7 0 2 . 7 6 3 . 7 8
T e n t a t i v e  a s s i g n m e n t
E X P E R I M E N T A L
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I n t r o d u c t o r y  N o t e s
M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  on  a K o f l e r  h o t -  sta ge  
a p p a r a t u s  and a r e  c o r r e c t e d .  Y i e l d s  r e f e r  to  r e f c r y s t a l l i s e d  t ic  
p u r e  m a t e r i a l ,  u n l e s s  o t h e r w i s e  s t a t e d .
U l t r a v i o l e t  and v i s i b l e  s p e c t r a  w e r e  m e a s u r e d  u s i n g  a 
U n i c a m  SPSOO s p e c t r o p h o t o m e t e r . L i g h t  a b s o r b t i o n  data  r e f e r  to  
s o lu t i o n s  in  c y c l o h e x a n e  u n l e s s  s ta t e d  o t h e r w i s e .  I n f r a r e d  s p e c t r a  
w e r e  r e c o r d e d  w i t h  a P e r k i n - E l m e r  621 s p e c t r o m e t e r ,  and r e f e r  
to  s o l i d s  d i s p e r s e d  in  K B r  d i s c s .  M a s s  s p e c t r a  and a c c u r a t e  m a s s  
d e t e r m i n a t i o n s  w e r e  c a r r i e d  out on an A E I  M S 902  i n s t r u m e n t .
1 o GH N m r  s p e c t r a  w e r e  r e c o r d e d  at  c a  3 1 . 4  C ,  u n l e s s ;  
o t h e r w i s e  s t a t e d ,  u s i n g  a V a r i a n  HA 100 s p e c t r o m e t e r  o p e r a t i n g  at  
100 M H z .  S o l u t i o n s  in c h l o r o f o r m - D ^ , t o l u e n e - D g  and p y r i d i n e - D  
w e r e  0 . 4  M , t h o s e  in  d i m e t h y l  su lp h o x id e -D ^  and t r i f l u o r o a c  e t i c  a c id
V
w e r e  0.  6 M ,  W h e n  t h e s e  c o n c e n t r a t i o n s  c ou ld  not  be  a t t a i n e d ,  
sa t u r a t e d  s o l u t i o n s  w e r e  e m p l o y e d .  C h e m i c a l  s h i f t s  ( 5)  a r e  g i v e n  
in  p p m  d o w n f i e ld  f r o m  t et r a m  e th y l  s i l a n e  a s  i n t e r n a l  r e f e r e n c e ,  
e x c e p t  in v a r i a b l e  t e m p e r a t u r e  s t u d i e s ,  w h e r e  h e x a m e t h y l d i s i l o x a n e t  
w a s  u s e d .  J V a l u e s  w e r e  m e a s u r e d  on the 100 H z  s c a l e .  U n l e s s  
o t h e r w i s e  started (d=d ou b le t ,  t ~ t r i p l e t ,  q ^ q u a r te t ,  dd = doub le  d o u b le t ,  
d t - d o u b l e  t r i p l e t ,  ddd =doub le  d oub le  d ou b le t ,  m^=multipiet  and  
b ~b r oad  p e a k ) ,  c h e m i c a l  s h i f t  v a l u e s  r e f e r  to s i n g l e t  a b s o r b t i o n s .
C a r b o n ,  h y d r o g e n  and n i t r o g e n  e l e m e n t a r y  m i c r o a n a l y s e s  
w e r e  e x e c u t e d  by M r .  J .  B e w s  and M r s .  S.  S m i t h ,  D e p a r t m e n t  of  
C h e m i s t r y ,  U n i v e r s i t y  o f  St .  A n d r e w s .  S u lphu r  e l e m e n t a l  a n a l y s e s
c y c l o h e x a n e ,  e th a n o l ,  m e t h a n o l ,  n - h e x a n e , p e t r o l e u m  and  p y r i d i n e  
w e r e  a l l  r e d i s t i l l e d  c o m m e r c i a l  s o l v e n t s .  E t h e r ,  b e n z e n e ,  t o l u e n e  
and x y l e n e  w e r e  r e f l u x e d  o v e r  s o d i u m  w i r e  f o r  one  hour  and th e n  
d i s t i l l e d  to g i v e  the  d r y  s o l v e n t s .  T h e s e  s o l v e n t s  w e r e  s t o r e d  o v e r  
s o d i u m  w i r e .  T h e  c r u d e  e t h e r  w a s  p r e - d r i e d  o v e r  c a l c i u m  c h l o r i d e  
for  c a .  3 d a y s  b e f o r e  r e f l u x i n g  and d i s t i l l i n g .
B e n z e n e  fo r  c h r o m a t o g r a p h y  w a s  d r i e d  by a z e o t r o p i c  
d i s t i l l a t i o n ,  the f i r s t  25% o f  the d i s t i l l a t e  b e ing  u s e d  f o r  e x t r a c t i o n s .  
E t h e r  f o r  c h r o m a t o g r a p h y  w a s  d r i e d  o v e r  c a l c i u m  c h l o r i d e  and  
then  d i s t i l l e d .
«
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w e r e  c a r r i e d  out  by D r .  S t r a u s s ,  D y s o n  P e r r i n s  L a b o r a t o r y ,  
South  P a r k s  R o a d ,  O x fo r d  and D r .  A . B e r n h a r d t ,  M u l h e i m ,  W e s t  
G e r m a n y .
P r o c e d u r e s . C r i t e r i a  u s e d  i n  t h e  i d e n t i f i c a t i o n  of  p r o d u c t s  
i n c lu d e d  m e l t i n g  p o i n t s ,  t i c  b e h a v i o u r  and n m r  and m a s s  s p e c t r a ,  "I
T h in  l a y e r  c h r o m a t o g r a p h y  (t ic)  w a s  c a r r i e d  out  w i th  V
?
s i l i c a  (MN K i e s e l g e l - G )  and a l u m i n a  (MN A l u m i n i u m  O x id e - G )  c o a t e d  1
1p l a t e s  ( ca  0 . 2 5  m M  t h ic k ) .  C o l u m n  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  %
Iu s i n g  M e r c k  A c t i v i t y  II-III  ( 7 0 - 2 3 0  m e s h )  a l u m i n a  u n l e s s  o t h e r w i s e  ^
s t a t e d .  C h r o m a t o g r a p h i c  s i l i c a  w a s  S o r b s i l  S i l i c a  G e l  M 6 0 .  f
*1S o l v e n t  m i x t u r e s  a r e  d e s c r i b e d  in  r a t i o s  by  v o l u m e .
■>
S o l u t i o n s  w e r e  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e  and I
s o l v e n t s  w e r e  e v a p o r a t e d  at r e d u c e d  p r e s s u r e  w i t h  a r o t a r y  f i l m  %
:
e v a p o r a t o r .  S o l i d s  w e r e  d r i e d  in  v a c u o  o v e r  p h o s p h o r i c  a n h y d r i d e .
1M a t e r i a l s  . " P e t r o l e u m "  r e f e r s  to  p e t r o l e u m  e t h e r  of  b o i l i n g  r a n g e  -g
4 0 - 6 0 °  and " e th e r "  r e f e r s  to d i e t h y l  e t h e r .  A c e t i c  a c i d ,  a c e t o n e ,  S
■-i
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M e t h y l e n e  c h l o r i d e  w a s  r e f l u x e d  o v e r  p h o s p h o r i c
a n h y d r i d e  f o r  o n e  h our  and t h e n  d i s t i l l e d .
A c e t o n i t r i l e  w a s  r e f l u x e d  o v e r  s o d i u m  h y d r i d e  (50% %
d i s p e r s i o n  in  o i l ,  2 g p e r  l i t r e )  f o r  30 m i n u t e s ,  d i s t i l l e d ,  then
r e f l u x e d  o v e r  p h o s p h o r i c  a n h y d r i d e  fo r  one  h our  and r e d i s t i l l e d  t w i c e .  |
D i m e t h y l f o r m a m i d e  w a s  d r i e d  f o r  c a .  one  w e e k  o v e r
p o w d e r e d  c a l c i u m  h y d r i d e  and then  d i s t i l l e d  at 15 m m  H g .
A c e t i c  a n h y d r i d e ,  e th y l  c in n a r n a te ,  f o r m i c  a c i d ,  p e r c h l o r o -  I
m e t h y l  m e r c a p t a n ,  p h e n y l  i s o c y a n a t e ,  p h e n y l i s o t h i o c y a n a t e ,  p h o s p h o r y l
c h l o r i d e ,  and t h i o p h o s g e n e  w e r e  a l l  d i s t i l l e d  c o m m e r c i a l  r e a g e n t s .
M e t h y l  f l u o r o su lphonate  w a s  a d i s t i l l e d  c o m m e r c i a l  r e a g e n t ,  and w a s
s t o r e d  u n d e r  r e f r i g e r a t i o n  in a p o l y t h e n e  b o t t l e .  C a r b o n  d i s u l p h i d e
w a s  a n a l a r  g r a d e .
H e t e r o c y c l i c  a m i n e s  u s e d  w e r e  c o m m e r c i a l  r e a g e n t s .  T h e
s o l i d s  w e r e  p u r i f i e d  by r e c r y s t a l l i s a t i o n  f r o m  b e n z e n e ,  or e th a n o l ,
w h i l e  the l i q u i d s  w e r e  r e d i s t i l l e d .
A q u e o u s  m e t h y l a m i n e  w a s  25-30%  ( w / v )  m e t h y l a m i n e .  4
A q u e o u s  4 M - s o d i u m  h y d r o g e n  s u lp h id e  s o l u t i o n s  w e r e
p r e p a r e d  by s a t u r a t i n g  a q u e o u s  4M - s o d i u m  s u l p h i d e  s o l u t i o n s  w i th
h y d r o g e n  s u l p h i d e .  S o d i u m  h y d r o g e n  s e l e n i d e  w a s  p r e p a r e d  by




A . T H E  R E A C T I O N  OF 3 - S U . B S T I T U T E . D - 5 - P H E N Y L - 1, 2-  
P I T H I Q L I U M  S A L T S  W ITH H E T E R O C Y C L I C  
A M I N E S
P r e p a r a t i o n  of  1, 2 - D i t h i o I i u m  S a l t s
3 - C h l o r o - 5 - p h e n y l “ 1 , 2 - d i t h i o I i u m  C h l o r i d e  (9)
5 - P h e n y l - 1, 2 - d i t h i o l e - 3 - o n e  wa.s p r e p a r e d  b y  K l i n g s b e r g ' s 
165m e t h o d  , and c o n v e r t e d  to  3 - c h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o i i u m  
c h l o r i d e  a c c o r d i n g  to the  p r o c e d u r e  d e s c r i b e d  b y  F a u s t  and M a y e r ^ ^ ^ .
3 - M e t h o x y - 5 - p h e n y l - 1, 2 - d i t h i o l i u m F l u o r o s u l p h o n a t e  (16)
5 - P h e n y l - 1, 2 - d i t h i o l e - 3 - o n e  (50 m M ,  9 . 7 1 5  g) w a s  d i s s o l v e d ,  
w it h  w a r m i n g ,  in  s o d i u m  d r y  b e n z e n e  (25 m l ) .  M e t h y l  f l u o r o -  
su lp h o n a te  (150  m M ,  1 2 . 1  m l ,  1 7 . 1 1  g) w a s  added  to  the s o lu t i o n ,  
w h ic h  w a s  th e n  r e f l u x e d  on an o i l  ba th .  S e v e r a l  m i n u t e s  l a t e r  a 
w h it e  s o l id  b e g a n  to s e t t l e  out  of th e  r e a c t i o n  m i x t u r e .  A f t e r  30
m i n u t e s ,  the s o lu t i o n  w a s  a l l o w e d  to c o o l  and the w h i t e  p r e c i p i t a t e
w a s  f i l t e r e d  of f ,  w a s h e d  with  a l i t t l e  s o d i u m  d r y  b e n z e n e ,  th e n  
s o d i u m  d r y  e t h e r .  T h e  p r o d u c t  ( 1 2 . 4 5 8  g,  81%) w a s  v a c u u m  d r i e d ,  
and s t o r e d  in  the  f r e e z e r .  A n  a n a l y t i c a l  s a m p l e  o f  3 - m e t h o x y - 5-  
p h e n y i - 1 , 2 - d i t h i o l i u m  f lu o r  o s u l p h o n a t e  (16)  w a s  p r e p a r e d  by  
c r y s t a l l i s a t i o n  a s  w h i t e  s p a r s  f r o m  a c e t o n i t r i l e ,  m p  110 - 112° .
Found:  C 3 9 . 0 ;  H 3 . 2
C ^^H^FO^S^ r e q u i r e s :  C 3 9 . 0 ;  H 2 . 9
n m r  s p e c t r u m  (C F ^COOH): <^4.69 ( 3 H , O M e ) ,  7 . 6 - 6 .  02 ( 5 H , m ,  
5 - P h ) ,  8 . 0 3  (IH, 4 - H )
uv  s p e c t r u m  ( m e t h a n o l  + 1% HCIO^):  \  (nm) 325 sh ( lo g  & 4 ,  3 3)
291 ( 4 . 0 4 ) ,  2 0 8  ( 4 . 4 1 )
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T h e  R e a c t i o n  of  3 - S u b s t i t u t e d - 5 - p h e n y l - 1, Z - d i t h io l I u m  S a l t s  
w ith  H e t e r o c y c l i c  A m i n e s  
G e n e r a l  M e t  hod: -
T h e  a m i n e  (20 m M )  w a s  d i s s o l v e d  in e th a n o l  ( 50 m l ) .  T h e  
d i th i o l i u m  s a l t  (10 m M ) w a s  w a s h e d  into the s o l u t i o n ,  w i th  10 m l  
e th a n o l ,  and the  m i x t u r e  r e f l u x e d  f o r  10 m i n u t e s ,  a l l o w e d  to  c o o l ,  
th e n  p o u r e d  in to  s o d i u m  c a r b o n a t e  s o l u t i o n  (300  mil). T h i s  
a q u e o u s  m i x t u r e  w a s  e x t r a c t e d  w i th  b e n z e n e  (2 x  500  m l ) , t h e  
e x t r a c t s  w a s h e d  w i th  w a t e r  (3 x  500  m l ) ,  d r i e d  and e v a p o r a t e d .  
S u b s e q u e n t  p r o c e d u r e  i s  d e s c r i b e d  f o r  e a c h  r e a c t i o n .
1. T h e  R e a c t i o n  of 3 - S u b s t i t u t e d - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  S a l t s  
w ith  2 - A m i n o - 2 - t h i a z o l i n e
j[i)_In E^anol_^ 3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e  ( 2 . 4 9 6  g,
10 m M ) and 2 - a m i n o - 2 - t h i a z o l i n e  ( 2 . 0 4  8 g,  20 m M )  w e r e  u s e d .  T h e
r e s i d u e  w a s  c h r o m a t o g r a p h e d  (50 x  2 . 8  c m ,  c o l u m n  I ) .  E l u t i o n
with  p e t r o l  :be nz en e  (3 :1 ,  200  ml)  g a v e  pink e l u a t e s  w h i c h  w e r e
d i s c a r d e d .  T h e  s e c o n d  f r a c t i o n  ( p e t r o l : b e n z e n e ,  2 :1 ,  800 ml)  g a v e
o r a n g e  e l u a t e s .  T h e  n e x t  200  m l  c o n t a in e d  a m i x t u r e  of  the o r a n g e
p r o d u c t  and a c o l o u r l e s s  p r o d u c t .
C h r o m a t o g r a p h y  (30 x  2 . 0  c m ,  c o l u m n  II) of  t h i s  m i x t u r e  
y i e l d e d  the  o r a n g e  p r o d u c t  in p e t r o l : b e n z e n e  ( 3 :1 ,  200 m l ) ,  f o l l o w e d  
by the c o l o u r l e s s  p r o d u c t ,  in  p e t r o l : b e n z e n e  ( 2 : 1 , 200  m l  and 1 : 1 ,
200 mil). T h e  o r a n g e  e l u a t e s  w e r e  c o m b i n e d  w i t h  f r a c t i o n  two of  
the f i r s t  c o l u m n ,  and the  r e s i d u a l  s o l i d  w a s  r e c r y s t a i l i s e d  f r o m  
c y c l o h e x a n e  to g i v e  5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - t h i o n e  (1 1) (562 m g ,  27%) 
a s  bronz e p l a t e  s ,  m . p .  1 2 5 - 1 2 6 ^  (c f .  l i t .   ^ 12 5-  127" )^
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Found:  C 51 .  1; H 2,  9
C a ie  . f o r  C H S :  C 5 1 . 4 ;  H 2 . 99 o 3
n m r  (CDC l  ): ^ 7 . 4 1 - 7 .  73  (6H , m ,  5 - P h  + 4 - H )
T h e  n e x t  500 m l  o f  e l u a t e s  ( p e t r o l : b e n z e n e , 1:1) f r o m  
c o l u m n  I c o n t a in e d  th e  c o l o u r l e s s  p r o d u c t .  T h e s e  w e r e  c o m b i n e d  
with  t h e  c o l o u r l e s s  c o m p o u n d  f r o m  c o l u m n  II to g i v e ,  a f t e r  
e v a p o r a t i o n ,  5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - o n e  (12) (4 16 m g ,  21%) a s  
c r e a m  c o l o u r e d  n e e d l e s  f r o m  c y c l o h e x a n e ,  m p  1 1 5 - 1 1 7 °  ( c f .  l i t ,  
1 1 4 - 1 1 7 0 )
F oun d:  C 5 5 . 4 ;  H 3 . 0
C a l c ,  f o r  C „ H , S „ 0 :  C 5 5 . 6 ;  H 3. 19 6 2
^H n m r  (C D C l  ): 5 6 . 8 1  ( 1 H , 4 - H ) ,  7 . 4 2 - 7 .  67 ( 5 H , m ,  5 - P h )
F u r t h e r  e lu t i o n  of c o l u m n  I w i th  550 m l  b e n z e n e  br o u g h t  
f o r t h  y e l l o w  e l u a t e s ,  w h ic h  w e r e  i m p u r e .  R e c h r o m a t o g r a p h y  
(20 X 2 c m )  w i th  b e n z e n e  (300  m l )  g a v e  2,  3 - d i h y d r o - 5 - p h e n y l -  
1, 3 b A ^ , 4 - t r i t h i a - 3 a ,  7 - d i a z a c y c l o p e n t  [a J p e n ta le n e  (13) (91 m g ,  3 .3%)
a s  y e l l o w  n e e d l e s  f r o m  c y c l o h e x a n e ,  m p  1 2 6 °  ( s h a r p ) .
Found:  C 5 2 . 0 ;  H 3 . 5 ;  N 10.  1; S 34 ..7
^ 1 2 ^ 1 0 ^ 2 ^ 3  ^ ^ q u ir e s :  C 5 1 . 8 ;  H 3 . 6 ;  N  1 0 . 1 ;  S 3 4 . 6  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  27 8 . 0 0 0 8
C H r e q u i r e s :  2 7 8 . 0 0 0 612 10 2 3
n m r  (CDCl^):   ^ 3,  53 (2H, t ,  2-H^ ), 4 . 33 (2H,  t, 3 - H ^ ) , 7 . 4 0 - 7 . 4 8  
( 3 H , m , m -  and p - p r o t o n s  of  5 - P h ) ,  7 . 5 3  ( 1 H , 6 ~ H ) ,  7 . 6 3 - 7 . 7 4  (2H,  
m ,  o - p r o t o n s  of  5 - P h )  
uv  spectrurxi: A  (nm) 3 87 ( l o g &  4 . 3 4 ) ,  284 ( 4 . 4 4 ) ,  235 sh ( 4 . 4 2 )
211 { 4 . 8 0 )
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F i n a l l y ,  c o l u m n  I w a s  e lu te d  wi th  b e n z e n e : e t h e r  (9:1 ,
700  m l )  w h i c h  a f f o r d e d  an  o r a n g e  c o m p o u n d .  T h e  c o m p o u n d  w a s  
r e c h r o m a t o g r a p h e d  on  a l u m i n a  (30 x  2 c m )  u s i n g  b e n z e n e :  e t h e r  (9 :1 ) .  
600 m l  of  e lu a n t  g a v e  2, 3 - d i h y d r o - 5 - p h e n y l - 1, 6 , 6aX^ - t r i t h i a -  3a, 7 -  
d ia z a c y c lo p .e n t [  a ] p e n t a l e n e  (14) ( 9 9 m g ,  3 .6%) a s  o r a n g e  p r i s m s  
f r o m  b e n z e n e ,  m p  2 0 2 - 2 0 3 ° .
F oun d:  C 5 1 . 6 ;  H 3.  6 ; N 10. 1; S 3 4 . 4
r e q u i r e s :  C 5 1 . 8 ;  H 3.  6 ; N 10.  1; S 3 4 . 6
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 7 8 . 0 0 0 0
^ 1 2 ^ 1 0 ^ 2 ^ 3  a c q u i r e s :  2 7 8 . 0 0 0 6
n m r  ( p y r i d i n e - D ^ , s a t u r a t e d  so lu tion) :  S 3 . 8 3  (2H,  dt ,  2 - H ^ ) ,
4 . 3 8  (2H, dt ,  3 - H ^ ) , 7 .  3 2 - 7 . 4 4  ( 3 H , m , m -  and p - p r o t o n s  of  5 - P h ) ,  
7 . 6 2  ( 1 H , 4 - H ) ,  8 . 0 7 - 8 . 1 8  (2H , m ,  o - p r o t o n s  of  5 - P h )  
uv  s p e c t r u m  ( m e t h a n o l ) ( n m )  417 ( l o g ^  5 .  16) ,  321 ( 4 . 9 3 ) ,
279  ( 5 . 0 8 ) ,  233  ( 5 . 4 9 ) ,  205 sh  ( 5 . 3 5 )
i i i l  n. 3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e
( 2 . 4 9 2  g,  10 m M )  and 2 - a m i n o - 2 - t h i a z o l i n e  ( 2 . 0 4  6 g, 20 m M ) w e r e  
u s e d .  A c e t o n i t r i l e  r e p l a c e d  e th ano l  , a s  s o l v e n t .  T h e  r e s i d u e  w a s  
c h r o m a t o g r a p h e d  (50 x  2 . 7  c m ,  Lap or te  type  H a l u m i n a ,  c o l u m n  I).  
E l u t i o n  w i th  b e n z e n e  (500  m l ) ,  t h e n  b e n z e n e :  e t h e r  (4 :1 ,  500  m l )  g a v e  
5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - t h i o n e  (1 1) (505  m g ,  24%). B e n z e n e :  e th e r
(1:1 ,  300  m l )  b r o u g h t  f o r t h  a f e w  m g s  o f  5 - p h e n y l -  1, 2 - d i t h i o l e -  3 - o n e
(12) ( id e n t i f i e d  by t ic )  w h i c h  w e r e  d i s c a r d e d .  F u r t h e r  e l u t i o n  w i th  
e t h e r  (600 m l )  g a v e  y e l l o w  e l u a t e s ,  w h ich  w e r e  i m p u r e .  
C h r o m a t o g r a p h y  (30 x  1 . 8  c m ,  s i l i c a )  w i th  b e n z e n e  (950 m l )  g a v e  an 
i m p u r i t y  w h ic h  w a s  d i s c a r d e d .  B e n z e n e : e t h e r  (9 :1 ,  500  m l ;  4 : 1 ,
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500 m l  and 1:1,  500  m l )  b r o u g h t  f o r t h  c o m p o u n d  (13)  (289  m g ,  1 0 .4 % ) .  |I
F u r t h e r  e l u t i o n  of  c o l u m n  I g a v e  i m p u r e  c o m p o u n d  ( 1 4 ) .  |
S u c c e s s i v e  c h r o m a t o g r a p h y  on  s i l i c a  (20  x  1. 8 c m )  and L a p o r t e  - 3 -I
type  H a l u m i n a  (40 x  1, 8 c m )  f a i l e d  to p u r i f y  t h i s  p r o d u c t .  A f t e r  |
c h r o m a t o g r a p h y ,  42 m g s  of i m p u r e  m a t e r i a l  r e m a i n e d .  C r y s t a l l i s a t i o n  |
did not  p u r i f y  t h i s  m a t e r i a l .
( i i i )  In H e x a m e t h y l p h o s p h o r a m i d e  ( H M P A ) . T h e  f o l l o w i n g  m e t h o d  
w a s  u s e d : - T o  a s o l u t i o n  of  2 - a m i n o - 2 - t h i a z o l i n e  ( 2 . 0 4 7  g, 20 m M )  
in  H M P A  (50  m l )  w a s  added  3 - c h l o r o - ' 6 - p h e n y l -  1, 2 - d i t h i o l i u m  
c h l o r i d e  ( 2 . 4 9 3  g, 10 m M ) . T h e  s a l t  w a s  w a s h e d  in to  the f l a s k  
w i t h  10 m l  H M P A  and the  m i x t u r e  w a s  h e a t e d ,  w i th  m a g n e t i c  
s t i r r i n g ,  f o r  10 m i n u t e s ,  on  an  o i l  bath at 1 0 0 ° .  A f t e r  c o o l i n g ,  
th e  m i x t u r e  w a s  p o u r e d  in to  s o d i u m  c a r b o n a t e  s o l u t i o n  (300  m l )  and  
e x t r a c t e d  w i th  b e n z e n e  (2 x  500  m l ) .  T h e  e x t r a c t s  w e r e  w a s h e d  
with  w a t e r  (9 x  500  m l ) ,  d r i e d  and e v a p o r a t e d .  T h e  r e s i d u e  w a s  '4
c h r o m a t o g r a p h e d  (50 x  2 . 7  c m ,  c o l u m n  I ) .  P e t r o l : b e n z e n e  (2 :1 ,
500  m l )  g a v e  i m p u r e  5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - t h i o n e  (11 ) .  
R e c h r o m a t o g r a p h y  (30  X 1 . 8  c m ,  p e t r o l - . b e n z e n e , 3:1) y i e l d e d  
300 m l  of  i m p u r i t i e s  w h ic h  w e r e  d i s c a r d e d ,  f o l l o w e d  by a 7 5 0  m l  
f r a c t i o n  c o n t a i n i n g  the  p r o d u c t  (326  m g ,  1 5 .5 % ) ,
C o n t in u e d  e l u t i o n  of  c o l u m n  I w i th  p e t r o l : b e n z e n e  (2 :1 ,  500  
m l)  b r o u g h t  f o r t h  a t r a c e  of  5 - p h e n y l - 1, 2 - d i t h i o l e - 3 - o n e  ( 12)
( id e n t i f i e d  by  t ic ;  i m p u r e ) .  T h i s  f r a c t i o n  w a s  d i s c a r d e d .  S u c c e s s i v e  
e lu t io n  w i th  p e t r o l : b e n z e n e  ( l : l ,  500  m l )  and b e n z e n e  (400 m l )  g a v e  
only  i m p u r i t i e s .  F i n a l l y ,  e t h e r  : b e n z e n e  ( 1 9 :1 ,  900 m l )  g a v e
J g l
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c o m p o u n d  (14 ) ,  in  an  i m p u r e  s t a t e .  F u r t h e r  c h r o m a t o g r a p h y  
(20 X 1. 8 c m )  o f  t h i s  c o m p o u n d ,  e lu t in g  w i th  b e n z e n e  (200  m l)  
t h e n  b e n z e n e ’. e t h e r  (1 9 :1 ,  300 m l ) ;  and (40 x  1 . 8  c m )  e lu t i n g  
with  b e n z e n e  (100  m l )  f o l l o w e d  by
b e n z e n e :  e t h e r  ( 1 9 :1 ,  4 0 0  m l )  f a i l e d  to p u r i f y  the c o m p o u n d  
c o m p l e t e l y .  A  p u r e  s a m p l e  (77 m g ,  2 ,8%) w a s  o b ta in ed  b y  
c r y s t a l l i s a t i o n  f r o m  b e n z e n e .
{ iv)  J [ i ^ ] ^ t h a n o l 3 - M e t h o x y - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  f l u o r o  s u l p h o n a t e  
( 3 . 0 8 6  g, 10 m M ) and 2 - a m i n o - 2 - t h i a z o l i n e  ( 2 . 0 4 4  g, 20 m M ) w e r e  
u s e d .  T h e  r a t h e r  i n s o l u b l e  r e s i d u a l  s o l id  w a s  d i s s o l v e d  in  w a r m  
b e n z e n e  b e f o r e  c h r o m a t o g r a p h y  (50  x  2 . 7  c m ,  c o l u m n  I) .  E l u t i o n  
w ith  p e t r o l : b e n z e n e  (3: 1) g a v e  p u r p l e  e l u a t e s  (1 0 0  m l)  w h ic h  w e r e  
d i s c a r d e d ,  f o l l o w e d  by o r a n g e  e l u a t e s  (400  m i ) .  T h e  n e x t  f r a c t i o n  
( p e t r o l : b e n z e n e  2 :1 ,  250  m l )  c o n t a i n e d  the o r a n g e  p r o d u c t  and a 
c o l o u r l e s s  o n e .  C h r o m a t o g r a p h y  (30 x  2 . 0  c m ,  c o l u m n  II) of  t h i s  
m i x t u r e  g a v e  the  o r a n g e  p r o d u c t  in  p e t r o l : b e n z e n e  (3:1,  150 m l )  
f o l l o w e d  by the c o l o u r l e s s  one  ( p e t r o l : b e n z e n e  1:1,  300 m l ) .  T h e  
o r a n g e  e l u a t e s  w e r e  c o m b i n e d  w i t h  f r a c t i o n  two of c o l u m n  I,  g i v i n g  
293  m g  (13 .9 % )  of the t h io n e  (11 ) .
C o n t in u e d  e l u t i o n  of c o l u m n  I w i th  2 50 m l  p e t r o l : b e n z e n e  
(1:1)  a f fo r d e d  th e  c o l o u r l e s s  p r o d u c t ,  w h i c h ,  c o m b i n e d  w i th  the  
c o l o u r l e s s  m a t e r i a l  f r o m  c o l u m n  II, g a v e  the k e t o n e  (12) (359  m g ,  
18 .5% ) .
F u r t h e r  e lu t i o n  w i t h  b e n z e n e  (750  m l )  and b e n z e n e :  e th e r  
(9 :1 ,  300 m l )  p r o v i d e d  no  u s e f u l  m a t e r i a l .  F i n a l l y ,  an i m p u r e  
s a m p l e  o f  c o m p o u n d  (14) w a s  e lu te d  in 800 m l  b e n z e n e : e t h e r  (9 :1 ) .
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R e c h r o m a t o g r a p h y  (30 x  2 . 0  c m )  wi th  b e n z e n e : e t h e r  (9:1)  brought  
for th  100 m l  of  s o lu t i o n ,  c o n t a i n i n g  i m p u r e  m a t e r i a l  ( d i s c a r d e d )  
t h e n  1000 m l  of  t ic  p u r e  e l u a t e s ,  g i v in g  278  m g  (10 .  3%) of  
p r o d u c t  ( 14) .
2 .  T h e  R e a c t i o n  of  3 - S u b s t i t u t e d - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  S a l t s  
w ith  2 - A m i n o th i a z o I e
(i) 2 - A m i n o t h i a z o l e  ( 2 . 0 0 6  g, 20  m M ) and 3 - c h l o r o - 5 - p h e n y l - 1, 2 -
d i t h i o l i u m  c h l o r i d e  ( 2 . 4  95 g, 10 m M ) w e r e  u s e d .  T h e  r e s i d u e
w a s  c h r o m a t o g r a p h e d  (20 x  2 . 7  c m ,  c o l u m n  I) .  E l u t i o n  wi th  
p e t r o l : b e n z e n e  (1 :1 ,  250 m l )  a f f o r d e d  a m i x t u r e  of  th r ee  p r o d u c t s .  
T h e  s e c o n d  f r a c t i o n  ( b e n z e n e :  e t h e r , 9:1 ,  50 m l)  c o n s i s t e d  o f  an  
i m p u r e  re d  p r o d u c t ,  w h i c h  w a s  d i s c a r d e d .  F u r t h e r  e lu t i o n  w i t h  
b e n z e n e : e t h e r  ( 9 :1 ,  500  m l )  g a v e  r e d  e l u a t e s ,  c o n t a m i n a t e d  by  
p o l a r  i m p u r i t i e s .  R e c h r o m a t o g r a p h y  (20 x  2 . 0  c m )  of  t h i s  f r a c t i o n  
w it h  p e t r o l : b e n z e n e  (1 :2 ,  200  m l )  g a v e  p a le  y e l l o w  e l u a t e s  w h ic h  
w e r e  d i s c a r d e d .  B e n z e n e :  e t h e r  (9:1, 500 m l )  a f f o r d e d  5 - p h e n y l -  
1 , 6 ,  6a%^ - t r i t h i a -  3a ,  7 - d i a z a c y c l o p e n t  [ a j p e n t a l e n e  (20) (13 6 m g ,  
4.9%) a s  red  p l a t e s  f r o m  b e n z e n e ,  m p  1 8 0 - 1 8 2 ° ,
Found:  C 5 2 . 1 ;  H 2 . 9 ;  N 10. 3
^ 1 2 ^ 8 ^ 2 ^ 3  r e q u i r e s :  C 52 .  1; H 2.  9; N 10.  1
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 7 5 . 9 8 4 5
^ 1 2 ^ 8 ^ 2 ^ 3  r e q u i r e s :  27 5 . 9 8 5 0
n m r  ( p y r i d i n e - D ^ )  s a t u r a t e d  so lu tion:  S 7 .  3 4 - 7 . 4 6  ( 4 H , m , 2 - H  
and m -  and p ' - p r o t o n s  o f  5 - P h ) ,  8 . 0  8 - 8 . 2 0  (2H, m ,  q - p r o t o n s  of
5 - P h ) ,  8 . 3 7  ( I H , 4 - H ) ,  8 . 5 6  ( l H , d , J ^  2 = 4 . 9  H z ,  3-H)
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uv s p e c t r u m  ( m e t h a n o l ,  q u a l i ta t iv e ) :  A  (nm) 4 4 7 ,  32 5 ,  2 7 9 ,^ m a x
23 8 ,  204
F r a c t i o n  one  of  c o l u m n  I w a s  r e c h r o m a t o g r a p h e d  u s i n g  
" C a m a g "  a l u m i n a ,  a c t i v i t y  I (50 x  2 . 7  c m )  to a c h i e v e  a b e t t e r  
s e p a r a t i o n  of  the  c l o s e - r u n n i n g  c o m p o u n d s .  E l u t i o n  wi th  
b e n z e n e : p e t r o l  (1 :1 ,  2 1 and 2 :1 ,  200 m l )  g a v e  the  t h io n e  (11)
(17 3 m g ,  82%). B e n z e n e  (200  m l )  g a v e  a m i x t u r e  of  the th io n e  (11)  
and a y e l l o w  c o m p o u n d ,  w h ic h  w a s  d i s c a r d e d .  B e n z e n e : e t h e r  (9 :1 ,
1500 m l  and 5:1 ,  300 m l )  g a v e  a y e l l o w  c o m p o u n d ,  f o l l o w e d  by a
m i x t u r e  of  the  y e l l o w  c o m p o u n d  and the k e t o n e  ( 1 2 ) .  T h e  m i x t u r e  
w a s  d i s c a r d e d .  T h e  y e l l o w  c o m p o u n d  w a s  r e c h r o m a t o g r a p h e d .
(4 0 X 2 . 0  c m ) .  E l u t i o n  w i th  p e t r o l : b e n z e n e  (2 :1 ,  500  m l )  a f f o r d e d
5 - p h e n y l -  1, 3 b \ ^  , 4 - t r i t h i a -  3a ,  7 - d i a z a c y c l o p e n t  [ a ] c e n t a l e n e  ( 19)
(565 m g ,  20%) a s  g o ld e n  o r a n g e  p l a t e s  f r o m  c y c l o h e x a n e ,  m p  1 6 5 - 1 6 7  
Foun d:  C 52 .  1; H 3 . 0 ;  N 10.  1 
C 2 H 0 N 2 S 3  r e q u i r e s :  C 52 .  1; H 2 . 9 ;  N 10.  1 
A c c u r a t e  m a s s  d e t e r m i n a t i o n ;  27 5 . 9 8 5 8  
C r e q u i r e s :  2 7 5 , 9 8 5 0
n m r  (C D C l^ ,  s a t u r a t e d  so lu t ion ) :  ^ 7 .  08  ( IH ,  d,  ^= 3 .  9 H z ,  2 - H ) ,
7 .  4 5 - 7 .  53  (3H,  m ,  m -  and p - p r o t o n s  o f  5 - P h ) ,  7 . 4 8  ( IH ,  6 - H ) ,
7 .  6 2 - 7 . 7 6  ( 2 H , m ,  q - p r o t o n s  of 5-Ph),  7 . 6 7  ( l H , d ,   ^= 3 . 9 H z ,  3 - H) .  
u v  s p e c t r u m :  *X (nm) 4 30 sh ( log  6  4 .  13) ,  4 13 ( 4 . 1 9 ) ,  290 ( 4 , 2 3 ) ,
206  ( 4 . 4  3)
(ii) 2 - A m i n o t h i a z o l e  ( 2 . 0 0 2  g, 20 m M ) and 3 - m e t h o x y - 5 - p h e n y l - 1, 2 -  
d i t h i o l i u m  f l u o r  o s u l p h o n a t e  ( 3 . 0 8 5  g,  10 m M )  w e r e  u s e d .  T h e  
r e s i d u e  w a s  c h r o m a t o g r a p h e d  ( s i l i c a ,  50 x  2 . 0  c m ) .  S i l i c a  w a s
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u s e d ,  a s  it p r o v i d e d  a b e t t e r  s e p a r a t i o n  of  the  p r o d u c t s  f r o m  
the i m p u r i t i e s  p r o d u c e d ,  in t h i s  p a r t i c u l a r  c a s e .
E l u t i o n  wi th  p e t r o l : b e n z e n e  (1:1 ,  95 0 m l )  g a v e  the  th io n e
(11) ,  (308 m g ,  14 .6% ) .  B e n z e n e  a f f o r d e d  100 m l  of i m p u r e  e l u a t e s ,  
w h ic h  w e r e  d i s c a r d e d ,  f o l l o w e d  by  a 500 m l  f r a c t i o n  c o n t a in i n g  
p r o d u c t  (19) and the  k e t o n e  ( l 2 ) .  R e c h r o m a t o g r a p h y  of t h i s  f r a c t i o n  
(4 0 X 2 . 0  c m )  w i th  p e t r o l : b e n z e n e  (3:1 ,  350  m l )  g a v e  a m i x t u r e  of  the  
k e t o n e  (12)  and c o m p o u n d  (19)  (200 m g ,  d i s c a r d e d ) .  M o r e  
p e t r o l : b e n z e n e  (3 :1 ,  350 m l  and 1 :1 ,750  m l )  p r o v i d e d  p r i n c i p a l l y  
the  y e l l o w  p r o d u c t  (19 ) ,  w h i c h  w a s  r e c r y s t a l l i s e d  t ic  p u r e  f r o m  
c y c l o h e x a n e  (4 64 m g ,  16 .8% ) .
N o f u r t h e r  u s e f u l  m a t e r i a l  w a s  o b t a in e d  in  the  r e a c t i o n .
3. T h e  R e a c t i o n  o f  3 - S u b s t i t u t e d - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  S a l t s  
w ith  V a r i o u s 2 - A m i n o p y r i d i n e s
(i) 2 - A m i n o p y r i d i n e  ( 1 , 8 8 5  g, 20 m M ) and 3 - c h l o r o - 5 - p h e n y l -  1 , 2 -  
d i th i o l i u m  c h l o r i d e  ( 2 . 4 5 0  g, 10 mM) w e r e  u s e d , .  C h r o m a t o g r a p h y  
(50 X 2 . 7  c m ,  c o l u m n  I) of  the r e s i d u e s ,  f i r s t l y  w i t h  p e t r o l : b e n z e n e  
(3:1)  g a v e  50 m l  o f  p u r p l e  e l u a t e s  w h ic h  w e r e  d i s c a r d e d ,  f o l l o w e d  by  
900 m l  of o r a n g e  e l u a t e s .  T h e  t h ir d  f r a c t i o n  (2 5 0  m l )  c o n t a i n e d  a 
m i x t u r e  o f  an o r a n g e  and a c o l o u r l e s s  c o m p o u n d .  C h r o m a t o g r a p h y  
of t h i s  m i x t u r e  (40  x  1 . 8  c m ,  c o l u m n  II) w i th  p e t r o l : b e n z e n e  (4 :1 ,
200 m l)  a f f o r d e d  o r a n g e  e l u a t e s ;  b e n z e n e  (250  m l )  gav e  c o l o u r l e s s  
e l u a t e s ,  , ' C o m b i n a t i o n  of  the  o r a n g e  e l u a t e s  w i th  f r a c t i o n  tw o  of  
c o l u m n  I g a v e  the th io n e  (11)  (141 m g ,  6 .7% ) .
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T h e  n e x t  7 0 0  m l  of  e l u a t e s  ( p e t r o l : b e n z e n e , 1:1) f r o m  
c o l u m n  I c o n t a in e d  the  c o l o u r l e s s  p r o d u c t ,  w h ic h ,  w h en  c o m b i n e d  
with  the  c o l o u r l e s s  e l u a t e s  f r o m  c o l u m n  II g a v e  the  k e t o n e  (12)
(647 m g ,  33%). F u r t h e r  e l u t i o n  of c o l u m n  I ( b e n z e n e ,  800 m l )  
g a v e  y e l l o w  e l u a t e s  w h i c h  w e r e  i m p u r e .  R e c h r o m a t o g r a p h y  (4 0 
X 2 . 7  c m )  w i th  p e t r o l : b e n z e n e  (1:2 ,  100 ml)  g a v e  b r o w n  e l u a t e s  
w h ic h  w e r e  d i s c a r d e d .  B e n z e n e  (500 ml)  g a v e  2 - p h e n y l - 1, 8bX - 
d i t h i a - 4 ,  8 a - d i a z a c y c l o p e n t  [ a j i n d e n e  (22a)  ( 1 . 1 1 8  g ,  41%) a s  y e l l o w  
n e e d l e s  f r o m  c y c l o h e x a n e ,  m p  1 3 3 - 1 3 3 . 5 ° .
Found:  C 6 2 .  1; H 3.  8; N 1 0 . 4
^  1 4 ^ 1 0 ^ 2 ^ 2  a c q u i r e s :  C 62 .  2; H 3 . 7 ;  N 1 0 . 4  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 7 0 . 0 2 9 5  
r e q u i r e s :  2 7 0 . 0 2 8 5
n m r  (CDCl^):  ^ 7 . 0 3  ( l H , d d d ,   ^ 7 .  6,  ^ 5 . 4 , 7 - H ) ,  7 . 3 5 - 7 . 4 5
( 4 H , m ,  5 - H  and m -  and q - p r o t o n s  of  2 - P h ) , 7 . 6 1  ( 1 H , 3 H ) ,  7 . 6 4 - 7 . 8 4  
( 3 H , m , 6 - H  and q - p r o t o n s  of  2 - P h ) ,  8 . 4 7  ( l H , d d d , J  0 . 9 , L  _ 5 . 4 ,
• O  ÿ ^  O  J f
uv s p e c t r u m :  X  (nm) 44 2 sh ( lo g  & 3. 83) ,  4 1 5  ( 4 . 1 7 ) ,  402  ( 4 .  17) ,
286  ( 4 . 2 1 ) ,  2 7 1 s h  (4 .  18), 2 3 0 s h  ( 4 . 2 9 ) ,  212 ( 4 . 5 2 )
F i n a l l y ,  e lu t io n  of  c o l u m n  I w i th  b e n z e n e :  e t h e r  (4 :1 ,  4 00 m l)  
gave  i m p u r e  o r a n g e  e l u a t e s .  R e c h r o m a t o g r a p h y  (20 x  1 . 5  c m )  u s i n g  
b e n z e n e : e t h e r  (9 :1 ,  100 m l )  g a v e  2 - p h e n y l - 1, 8a"X^-d ith ia -3b ,  & -d i a z a -  
c y c l o p e n t [ a j i n d e n e  (23a)  ( 6 7 m g ,  2 ,5%) a s  a red  t a r .
Found;  C 61 .  8; H 3 . 4 ;  N 1 0 . 3  
^ 14^  ^10 ^ 2 ^ 2  ^ ^ q u ir e s :  C 6 2 . 2 ;  H 3 . 7 ;  N 1 0 . 4
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A c c u r a t e  m a s s  d e t e r m i n a t i o n :  27 0 . 0 2 9 5
C i ^ H i o N 2S 2 r e q u i r e s :  2 7 0 . 0 2 8 5  |
i i i l  ( 2 . 1 6 3  g , 20 m M ) and 3 - c h l o r o - 5 ~
p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e  ( 2 . 4  94 g, 10 m M )  w e r e  u s e d .  T h e  
r e s i d u e  w a s  c h r o m a t o g r a p h e d  (20 x  2 . 7  c m ,  c o l u m n  I) .  P e t r o l : b e n z e n e  ;
(4:1)  g a v e  300 m l  of o r a n g e  e l u a t e s  c o n t a in i n g  one  o r a n g e  c o m p o u n d ,  
on e  y e l l o w  one  and a t r a c e  of  a c o l o u r l e s s  p r o d u c t .  F r a c t i o n  two  
(250  m l)  c o n t a in e d  the  c o l o u r l e s s  p r o d u c t  o n ly .  E l u t i o n  w i th  b e n z e n e  
(150  m l)  b r o u g h t  f o r t h  pink  and g r e e n  e l u a t e s  w h ic h  w e r e  d i s c a r d e d .  |
F u r t h e r  e lu t i o n  w i t h  b e n z e n e : e t h e r  (4 :1 ,  200 m l )  g a v e  o r a n g e  e l u a t e s .
This  f r a c t i o n  w a s  r e c h r o m a t o g r a p h e d  (20 x  1 . 5  c m ) .  B e n z e n e  (250  m l )  
g a v e  7 - m e t h y l - 2 - p h e n y l - 1, SaA"^-dith ia-3b ,  8 - d i a z a c y c l o p e n t  [ a j i n d e n e  I 
(23b) (24 m g ,  0 . 8%) a s  r e d  p r i s m s  f r o m  b e n z e n e ,  m p  2 0 8 - 2 0 9 ° .
Foun d:  C 63 .  2; H 4 . 0; N 9.  8 
C 15H j;2N2^2 ^ 53 .  3; H 4 . 3; N 9 . 8
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 8 4 . 0 4 5 4
^ 1 5 ^ ]  2 ^ 2 ^ 2  r e q u i r e s :  2 6 4 , 0 4 4 2
F r a c t i o n  one of  c o l u m n  I w a s  r e c h r o m a t o g r a p h e d  ( s i l i c a ,
40 X 2 . 0  c m ) .  P e t r o l : b e n z e n e  (1 :1 ,  500  m l )  a f f o r d e d  the t h i o n e  (11)
(180  m g ,  8 . 6%), f o l l o w e d  by  t r a c e s  of  t h r e e  products  w h ic h  w e r e
d i s c a r d e d  (400  m l ) .  B e n z e n e  (100  ml)  and b e n z e n e : e t h e r  (4 :1 ,  350  m l )
g a v e  a m i x t u r e  of  2 p r o d u c t s .  R e c h r o m a t o g r a p h y  of  the m i x t u r e
(50 X 2 . 0  c m )  w i th  p e t r o l : b e n z e n e  (3 :1 ,  600 m l )  g a v e  5 - m e t h y l - 2 -  
4p h e n y l - 1 ,  8b,\  - d i t h i a - 4 , 8a - d i a z a c y c l o p e n t  [a j in d en e  (22b) (399  m g ,  
14,0%) a s  y e l l o w  n e e d l e s  f r o m  c y c l o h e x a n e ,  m p  1 1 0 - 1 1 0 . 3 ° .
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Foun d:  C 63 .  i ;  H 4 .  2; N 10.  G
^ 1 5 ^ 1 2 ^ 2 ^ 2  r e q u i r e s :  C 63 .  3; H 4 . 3 ;  N 9.  8 
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 8 4 . 0 4 4 0
C , r-H 1? r e q u i r e s :  2 8 4 . 0 4 4 215 12 2 2
n m r  (CDCl^):  ^ 2 . 5 1  ( 3 H , 5 - M e ) ,  6 . 9 7  ( l H , d d , J ^   ^ 7 .  8,  ^ 5 .  3,
7~H ) ,  7 .  3 6 - 7 .  45  (3H, m ,  m -  and j g - p r o t o n s  o f  2 - P h ) , 7 . 5 5  ( l H , d ,  
b r ,   ^ 7 . 8 ,  6-H), 7 . 6 7 - 7  . 80 (2H , m ,  o - p r o t o n s  of  2 - P h ) ,
7 . 7 1  ( 1 H , 3 ~ H ) ,  8 . 3 1  ( l H , d d , b r ,   ^ 5 .  3;J^  ^ 1. 6, 6-H)  
uv  s p e c t r u m :  "X (nm) 444  sh ( l o g Ô  3. 88) ,  4 1 9  (4 . 17) ,  407  (4 . 17),
287 ( 4 . 2 1 ) ,  2 6 9  ( 4 . 1 9 ) ,  2 3 0 s h  ( 4 . 2 9 ) ,  211 ( 4 . 5 2 )
E l u t i o n  w i th  b e n z e n e  (300  m l)  y i e l d e d  th e  c o l o u r l e s s  p r o d u c t ,  
w h ic h  w a s  c o m b i n e d  w i th  f r a c t i o n  two  of  c o l u m n  I to  g i v e  the  k e t o n e
(12) (707 m g ,  36%).
i A i i ^ ( 2 . 164 g, 20 m M )  and 3 - c h l o r o - 5-  
p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e  ( 2 . 4  92 g, 10 m M ) w e r e  u s e d .  T h e  
r e s i d u e  w a s  c h r o m a t o g r a p h e d  (50 x  2.‘7 c m ) .  E l u t i o n  wi th  
p e t r o l : b e n z e n e  (3: 1, 100 m l )  p r o d u c e d  o r a n g e  e l u a t e s .  P e t r o l : b e n z e n e  
(2 :1 ,  250  m l )  g a v e  a m i x t u r e  o f  an o r a n g e  and a c o l o u r l e s s  c o m p o u n d .  
C h r o m a t o g r a p h y  of  t h i s  m i x t u r e  (40 x  1 . 5  c m ,  c o l u m n  II) w i th  
p e t r o l : b e n z e n e  (4 :1 ,  250  ml)  a f f o r d e d  o r a n g e  e l u a t e s ;  b e n z e n e  (300  m l)  
gave  c o l o u r l e s s  e l u a t e s .  T h e  o r a n g e  e l u a t e s  w e r e  c o m b i n e d  w i th  
f r a c t i o n  one  of c o l u m n  I to g i v e  the  th ion e  (11 ) ,  ( 1 4 8  m g ,  7 .0 % ) .
E l u t i o n  of  c o l u m n  I w i th  p e t r o l : b e n z e n e  (1 :1 ,  4 0 0  m l )  a f fo r d e d  
the  c o l o u r l e s s  p r o d u c t .  T h i s  w a s  c o m b i n e d  w i th  the  c o l o u r l e s s  e l u a t e s  
f r o m  c o l u m n  II,  g i v i n g  the  k e t o n e .  (1 2) (702 m g ,  36%).
C o n t in u e d  e lu t i o n  of c o l u m n  I w i th  p e t r o l : b e n z e n e  (1 :1 ,  200  m l)  
a f fo r d e d  r ed  e l u a t e s  w h ic h  w e r e  d i s c a r d e d ;  b e n z e n e  (600  m l )  g a v e
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y e l l o w  e l u a t e s .  R e c h r o m a t o g r a p h y  of th i s  f r a c t i o n  (4 0 x  2 , 0  can) 
w ith  b e n z e n e  g a v e  50 m l  of  o r a n g e  e l u a t e s  w h ic h  w e r e  d i s c a r d e d ,  
t h e n  4 00 m l  of  y e l l o w  e l u a t e s  y i e l d i n g  6 - m e t h y l - 2  - p h e n y l -  1, SbX." -^ 
d i t h ia - 4  , 8 a - d i a z a c y c l o p e n t [ a ] i n d e n e  (22c)  (983  m g ,  35%) a s  y e l l o w  
n e e d l e s  f r o m  c y c l o h e x a m e ,  m p  147.  5 - 1 4  8 ° .
Found:  C 63 .  2; H 4 . 2 ;  N 9 . 9
^ 1 5 ^ 1 2 ^ 2 ^ 2  ^Gquires :  C 6 3 . 3 ;  H 4 . 3 ;  N 9 . 6  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 8 4 . 0 4 5 1
C - - H ,  r e q u i r e s :  2 8 4 . 0 4 4 215 12 2 2
n m r  (CDCl^):  ^ 2 .  3 7 ( 3 H , s , f u r t h e r  s p l i t ,  ^ 0 . 6 , 6 - M e ) ,  6 . 8 9
( IH ,  dd,  c o m p o n e n t s  f u r t h e r  s p l i t ,   ^ 1 . 6 , J ^   ^ 5 . 4 , 7 - H ) ,  7 . 2 1  (IH ,
m ,  0 .  6, J  ^ 1. 6, J 0 .  8, 5 - H ) ,  7 .  3 7 - 7 . 4 8  ( 3 F I , m , m ~  and p -5 , 6 M e  .5,7 5 , 8  —
p ro to n s of 2 - P h ) ,  7 .  59 ( IH ,  3H),  7 .  6 7 - 7 .  77 ( 2 H , m ,p -p roton s o f 2 - P h ) , 
8 . 3 4  ( l H , d , b r , J g   ^ 0 . 8 , J g  ^ 5 . 4 , 8 -H)  
uv spe.ctrum:"X (nm) 44 2  sh ( l o g &  3.  82) ,  4 14pl(4 . 17) ,  401  ( 4 . 1 7 ) ,
285  ( 5 . 2 4 ) ,  2 7 2 s h ( 4 . 2 0 ) ,  2 3 0 s h ( 4 . 3 6 ) ,  211 ( 4 .  60)
F i n a l l y ,  e lu t i o n  of  c o l u m n  I wi th  b e n z e n e :  e t h e r  (3 :1 ,  4 0 0  ml)  
ga v e  o r a n g e  e l u a t e s .  R e c h r o m a t o g r a p h y  (20 x  2 . 0  c m )  w i th  b e n z e n e  
g a v e  50 m l  o f  y e l l o w  e l u a t e s  w h i c h  w e r e  d i s c a r d e d ,  then  b e n z e n e :  e t h e r  
(9 :1 ,  250  m l )  g a v e  o r a n g e  e l u a t e s  c o n t a i n i n g  6 - m e t h y l - 2 - p h e n y l - 1, 8a"X^- 
d i t h ia -  3b, 8 - d i a z a c y c l o p e n t  [ a j i n d e n e  (23c)  (18 m g ,  0 .6%) a s  o r a n g e  
m i c r o n e e d l e s  f r o m  b e n z e n e ,  m p  1 8 7 - 1 8 9 ^ with  s lo v /  d e c o m p o s i t i o n .
Found:  C 6 3 . 4 ; H 4 . 2 ;  N 9 . 7  
C ^gH^2 ^ 2 ^ 2  C 63.  3; H 4 , 3; N 9 . 8
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A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 8 4 . 0 4 3 5
C , gH , _N  8 r e q u i r e s :  2 8 4 . 0 4 4 21 0  i c .  c  o
nm r :  s e e  p a g e  125  
u v  s p e c t r u m  ( m e t h a n o l ,  q u a l i ta t iv e ) :  X (nm)  4 5 7 ,  323 ,  2 7 9 ,  2 4 8 ,  
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( 2 . 1 6 2  g, 20 m M ) and 3 - m e t h o x y - 5 -  ]
p h e n y l - 1, 2 - d i t h i o l i u m  f l u o r o s u l p h o n a t e  ( 3 . 0 8 2  g,  10 m M )  w e r e  u s e d .  i
T h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d .  C h r o m a t o g r a p h y  w a s  s i m i l a r  to  4
that  of  ( i i i )  a b o v e ,  g i v i n g  t h io n e  (11) (518  m g ,  25%); k e t o n e  (12)  (4 81 m g ,  I 
25%) and c o m p o u n d  (22c )  ( 1 4 .8 % ) .  • C o m p o u n d  (22c )  w a s  p u r i f i e d  by ?
c r y s t a l l i s a t i o n  from, c y c l o h e x a n e .  T h e  m o r e  p o l a r  p r o d u c t  (23c)  Ï
w a s  not  o b t a in e d .  Î
i y i .  ^ A m m q j 5 - ^ m e ^ y i p y r i d i n e _ ( 2 . 1 6 3  g, 20 mM) and 3 -ch loro -5 -ph en y l -1 ,2 -  f
d i t h i o l i u m  c h l o r i d e  (2.49% 10 mlv^ w e r e  u s e d .  C h r o m a t o g r a p h y  (50x2.7 c m )  
c o l u m n  1) of  the  r e s i d u e  w i th  p e t r o l : b e n z e n e  (3 :1 ,  600 m l )  g a v e  ;Æ
o r a n g e  e l u a t e s .  F r a c t i o n  two  (250  m l )  c o n t a i n e d  an  o r a n g e  and a 
c o l o u r l e s s  p r o d u c t .  R e c h r o m a t o g r a p h y  of  t h i s  m i x t u r e  (40 x  1 , 5  c m ,  
c o l u m n  II) with p e t r o l : b e n z e n e  (4:1 ,  275 m l )  g a v e  o r a n g e  e l u a t e s ;  |i
b e n z e n e  (250  m l )  g a v e  the  c o l o u r l e s s  p r o d u c t .  T h e  o r a n g e  e l u a t e s  
w e r e  c o m b i n e d  w i th  f r a c t i o n  one  of  c o l u m n  I to g i v e  the th io n e  (11)
(1 22  m g ,  5 .  8%).
E l u t i o n  of  c o l u m n  I w i th  b e n z e n e  (4 50 m l )  g a v e  a c o l o u r l e s s  
c o m p o u n d ,  w h ic h ,  c o m b i n e d  w i th  the c o l o u r l e s s  e l u a t e s  f r o m  
c o l u m n  II a f fo r d e d  the  k e t o n e  (12)  (866  m g ,  44%). B e n z e n e  (100  m l)  
and b e n z e n e : e t h e r  (9:1 ,  150 m l )  g a v e  b r o w n  e l u a t e s  w h i c h  v / er e  
d i s c a r d e d .  B e n z e n e :  e t h e r  (9:1 ,  500 m l )  g a v e  a y e l l o w  c o m p o u n d
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c o n t a m i n a t e d  w i th  b r o w n  and b lu e  i m p u r i t i e s .  R e c h r o m a t o g r a p h y  
of t h i s  m i x t u r e  (40 x  2 . 0  c m )  w i t h  p e t r o l : b e n z e n e  (2:1)  g a v e  150 m l  
of b r o w n  e l u a t e s  w h ic h  w e r e  d i s c a r d e d ,  then  2 0 0 0  m l  of y e l l o w  
e l u a t e s ,  and 200 m l  .of e l u a t e s  c o n t a i n i n g  a y e l l o w  and a b lue  
c o m p o u n d .  T h e  y e l l o w  e l u a t e s  a f f o r d e d  7 - m e t h y l - 2 - p h e n y l - 1, 8bX - 
d i t h i a - 4 , 8 a - d i a z a c y c l o p e n t  [a. J indene  (22d) (696 m g ,  25%) a s  y e l l o w  
p y r a m i d s  f r o m  c y c l o h e x a n e ,  m p  1 6 3 - 1 6 4 ^ .
F o u n d :  C 5 3 . 5 ;  H 4 . 4 ;  N 9 . 9  
S r e q u i r e s :  C 6 3 .  3; H 4 . 3 ;  N 9 . 8  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 8 4 , 0 4 4 8  
^ 1 5 ^ 1 2 ^ 2 ^ 2  2 8 4 . 0 4 4 2
%  n m r  ( CDCl  ): ^ 2 . 3 2  (3H, b r , 7 - M e ) , 7 . 3 5 - 7 . 7  6 ( 7 H , m ,  2 - P h  and
5-H and 6 - H ) ,  7 ,  58  ( I H , 3 - H ) , 8 . 3 0  ( I H , f u r t h e r  sp l i t ,  8 -H)  
u v  s p e c t r u m : * \  (nm)  444 sh  ( i o g £ 3 . f â ) ,  4 16sh.  (4.16), 404  (4.18) ,
284 ( 4 . 2 4 ) ,  2 7 3 s h ( 4  . 23) ,  2 3 1 s h  (4.  31) ,  2 1 3 ( 4 . 5 1 ) .
F u r t h e r  e lu t i o n  of c o l u m n  I (b e n z e n e :  e t h e r , 4 : 1 ,  300  m l)  
g a v e  o r a n g e  e l u a t e s .  R e c h r o m a t o g r a p h y  (20 x  1 . 5  c m )  w i th  
b e n z e n e  (50 m l)  g a v e  y e l l o w  e l u a t e s  w h ic h  w e r e  d i s c a r d e d ;  
b e n z e n e : e t h e r  (9 :1 ,  200  m l )  g a v e  5 - m e t h y l - 2 - p h e n y l -  1, 8 a X ^ - d i t h i a -  
3b,  8 - d i a z a c y c l o p e n t  £a ] in d e n e  (23d) (6 m g ,  0 .2%) a s  r e d  n e e d l e s  
f r o m  c y c l o h e x a n e  and b e n z e n e ,  m p  1 9 1 - 1 9 2 ° .
Found:  C 6 3 . 6 ;  H 4 . 2 ;  N 9 . 8  
C  ^ r e q u i r e s :  C 63 .  3; H 4 , 3 ;  N 9 . 8
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 8 4 . 0 4 4  0 
^ 15^12^^2^2 ^'Gquires: 2 8 4 . 0 4 4  2
I
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L x i ) ( 2.  166 g, 20 m M )  and 3 - c h l o r o - - 5 -  
p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e  ( 2 , 4 9 7  g, 10 m M ) w e r e  u s e d .  T h e  
r e s i d u e  w a s  c h r o m a t o g r a p h e d  (50  x  2 . 7  c m ,  c o l u m n  I ) .
P e t r o l : b e n z e n e  (3:1)  a f f o r d e d  o r a n g e  e l u a t e s  (800  m l ) ,  f o l l o w e d  by  
150 m l  of  e l u a t e s  c o n t a i n i n g  a n  o r a n g e  and a c o l o u r l e s s  c o m p o u n d .  
R e c h r o m a t o g r a p h y  of  t h i s  m i x t u r e  (40 x  1 . 5  c m ,  c o l u m n  II) w i th  
p e t r o l - .b e n z e n e  (4 :1 ,  230 m l )  g a v e  o r a n g e  e l u a t e s ;  b e n z e n e  (250  m l )  
g a v e  the  c o l o u r l e s s  c o m p o u n d .  C o m b i n a t i o n  of  the o r a n g e  e l u a t e s  
w ith  f r a c t i o n  one of  c o l u m n  1 g a v e  the  th io n e  (11) (147 m g ,  7 . 0 % ) .
E l u t io n  o f  c o l u m n  I w i th  b e n z e n e  (5 0 0  m l )  a f fo r d e d  a
c o l o u r l e s s  c o m p o u n d ,  w h i c h  w a s  c o m b i n e d  w i th  the c o l o u r l e s s  e l u a t e s
f r o m  c o l u m n  II to g i v e  the  k e t o n e  (12)  (477 m g ,  25%). B e n z e n e
(300  ml)  y i e l d e d  b r o w n  e l u a t e s  w h i c h  w e r e  d i s c a r d e d .  B e n z e n e : e t h e r
( 9 :1 ,  550  ml)  g a v e  y e l l o w  e l u a t e s ,  c o n t a m i n a t e d  w i th  b r o w n  and b lu e
i m p u r i t i e s .  R e c h r o m a t o g r a p h y  of t h i s  m i x t u r e  (4 0 x  2 . 0  c m ,
c o l u m n  111) w i th  p e t r o l : b e n z e n e  (2:1) g a v e  100 m l  o f  b r o w n  s o l u t i o n
w h ic h  w a s  d i s c a r d e d ,  t h e n  200 m l  of  b r o w n  e l u a t e s  c o n t a i n i n g  s o m e
of the  y e l l o w  p r o d u c t ,  then  1800 m l  of y e l l o w  e l u a t e s  ( t i c  p u r e ) ,
and f i n a l l y  200  m l  of  y e l l o w  e l u a t e s  c o n t a i n i n g  s o m e  of  the  blue
c o m p o u n d .  T h e  i m p u r e  y e l l o w  f r a c t i o n s  w e r e  r e c h r o m a t o g r a p h e d
(40 X 2 c m ,  c o l u m n  IV) .  P e t r o l : b e n z e n e  (2:1) g a v e  400  m l  of  m a i n l y
b r o w n  i m p u r i t i e s  (129  m g )  w h i c h  w e r e  d i s c a r d e d ,  t h e n  1200 m l  of
t i c  p u r e  y e l l o w  e l u a t e s .  C o m b i n a t i o n  of  the  p u r e  y e l l o w  m a t e r i a l
^ 4f r o m  c o l u m n s  III and IV a f f o r d e d  8 - m e t h y l - 2 - p h e n y l  -  1, 8bA - d i t h i a - 
4,  8 a - d i a z a c y l o p e n t  [a j ln d en e  ( 2 2 e )  (766 m g ,  27%) a s  y e l l o w  s p a r s  
f r o m  c y c l o h e x a n e ,  m p  118 .  5 -  1 1 9 ° .
I l l
Found:  C 6 3 . 2 ;  H 4 . 3 ;  N 9 . 9
^  1 5 ^ 1 2 ^ 2 ^ 2  ^  6 3 . 3 ;  H 4 . 3 ;  N 9.
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 8 4 . 0 4 3 2
C , r-H 1 r e q u i r e s :  2 8 4 . 0 4 4 215  12 2 2
n m r  (CDCl^):  ^ 2 , 6 9  (3H, 8 - M e ) ,  6 . 9 2  ( I H , d,  c o m p o n e n t s  f u r t h e r  
s p l i t ,  X,  ^ 7 . 4 ,   ^ 1 . 0 , 7 - H ) , 7 . 3 0  (IH ,  d,  c o m p o n e n t s  f u r t h e r  sp l i t ,
J , 8.5,Jp-  1 . 0 ,  5 - H ) ,  7 . 4 1 - 7 . 5 2  ( 3 H , m , m -  and p - p r o t o n s  of
2 - P h ‘) ,  7 .  6 3 - 7 .  82 (3H, m p - p r o t o n s  of 2 - P h , a n d  6 - H ) ,  7 . 6 7  ( I H , 3 - H ) . 
uv  s p e c tr u m :* X  (nm)  444 sh ( l o g  & 3. 86), 4 15pl  (4 .  17) , 4 04 (4 , 17),
2 8 8  ( 4 . 2 3 ) ,  270  ( 4 . 2 0 ) ,  2 3 0 s h  ( 4 . 3 1 ) ,  2 1 2 ( 4 . 5 4 )
N o f u r t h e r  u s e f u l  m a t e r i a l  w a s  o b t a in e d  f r o m  c o l u m n  I .
g ,  20 m M )  and 3 - c h l o r o -
5 - p h e n y l - l ,  2 - d i t h i o l i u m  c h l o r i d e  ( 2 . 4  92 g,  10 m M )  w e r e  u s e d .
T h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d  (50 x  2 . 7  c m ,  c o l u m n  I) .
P e t r o l : b e n z e n e  (3:1)  a f f o r d e d  o r a n g e  e l u a t e s  (700  m l )  f o l l o w e d  by  
250 m l  of  e l u a t e s  c o n t a i n i n g  an  o r a n g é  and a c o l o u r l e s s  p r o d u c t .  
R e c h r o m a t o g r a p h y  of  t h i s  m i x t u r e  (40 x  1 . 5  c m ,  c o l u m n  II) w i th  
p e t r o l : b e n z e n e  (4:1 ,  200 m l )  g a v e  o r a n g e  e l u a t e s ;  b e n z e n e  (250  m l )  
y i e l d e d  the c o l o u r l e s s  c o m p o u n d .  T h e  o r a n g e  e l u a t e s  f r o m  c o l u m n  
II w e r e  c o m b i n e d  w i t h  f r a c t i o n  one  o f  c o l u m n  I to  g i v e  the th io n e  
(11)  (136  m g ,  6.5%).
E l u t i o n  of  c o l u m n  I w i t h  b e n z e n e  (4 00 m l )  a f fo r d e d  a 
c o l o u r l e s s  c o m p o u n d ,  w h ic h  w a s  c o m b i n e d  w i th  the  c o l o u r l e s s  
e l u a t e s  f r o m  c o l u m n  II to g i v e  the k e t o n e  (12) (797 m g ,  41%),
B e n z e n e  (100  m l )  g a v e  r e d / b r o w n  e l u a t e s  w h ic h  w e r e  d i s c a r d e d .
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M o r e  b e n z e n e  (850  m l )  g a v e  a y e l l o w  p r o d u c t  w h i c h  w a s  
c o n t a m i n a t e d  w i th  a f a s t e r - r u n n i n g  b r o w n  i m p u r i t y ,  and a m o r e  
p o l a r  b lue  o n e .  T h i s  m i x t u r e  w a s  p u r i f i e d  by e x t r a c t i n g  the  
m a j o r i t y  of  the b r o w n  m a t e r i a l  out ,  w i th  p e t r o l .  T h e  r e m a i n i n g
y e l l o w  m a t e r i a l  w a s  r e c h r o m a t o g r a p h e d  (40 x  2 . 0  c m ) .
P e t r o l : b e n z e n e  (1 :1 ,  1400 m l )  g a v e  t ic  p u r e  6 , 8 - d i m e t h y l - 2 -  
p h e n y l - 1 ,  8b\*^ - d i t h i a - 4 , 8a - d i a z a c y l o p e n t  £a j i n d e n e  (22f)  ( 7 9 7 m g ,
26%) a s  y e l l o w  m i c r o s p a r s  f r o m  c y c l o h e x a n e ,  m p  12 0 -  120 .  5 ° .
Found:  C 6 4 . 4 ;  H 4 . 4 ;  N 9 . 2
^ 1 6 ^ 1 4 ^ 2 ^ 2  r e q u i r e s :  C 6 4 . 4 ;  H 4 . 7 ;  N 9 . 4  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 9 8 . 0 6 0 7
^  1 6^  1 4 ^ 2 ^ 2  r e q u i r e s :  2 9 8 . 0 5 9 8
n m r  ( C D C I 3): & 2 . 3 2  ( 3 H , 6 - M e ) ,  2 .  59 ( 3 H , 8~Me), 6 . 69 ( l H , b r ,
 ^ 1 . 5 , 7 - H ) ,  7 . 0 3  ( l H , b r ,   ^ 1 . 5 ,  5 - H ) ,  7 .  3 5 - 7 . 4  6 ( 3 H , m ,  
m -  and p - p r o t o n s  of  2 - P h ) , 7 . 5 9  ( IH ,  3 H ) , 7 .  6 5 - 7 . 7 7  ( 2 H , m ,  
o - p r o t o n s  o f  2 - P h )  
u v  spec trum :"X  (nm)  444 sh  ( l o g  ^  3.  84 ) ,  4 1 6 s h  (4 .  16) , 405  ( 4 . 1 7 ) ,
287 ( 4 . 2 3 ) ,  2 7 2  ( 4 . 2 0 ) ,  2 3 0 s h  (4 .  35) ,  214 ( 4 . 5 6 )
N o  f u r t h e r  us-eful  m a t e r i a l  w a s  o b t a in e d  f r o m  c o l u m n  I.
4 . T h e  R e a c t i o n  o f  3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  C h l o r i d e  
w ith  4 - A m i n o p y r i d i n e
4 - A m i n o p y r i d i n e  ( 1 . 8 8 4  g, 20 m M ) and 3 - c h l o r o - 5 - p h e n y l -  1 , 2 -  
d i t h i o l i u m  c h l o r i d e  ( 2 . 4  92 g, 10 m M ) w e r e  u s e d .  T h e  r e a c t i o n  
m i x t u r e  w a s  v e r y  d i r t y .  C h r o m a t o g r a p h y  (50 x  2 . 7  c m ,  c o l u m n  I) 
of  the  r e s i d u e  w i th  p e t r o l : b e n z e n e  (3:1)  g a v e  950 m l  o f  o r a n g e  
e l u a t e s .  T h e  n e x t  300 m l  c o n t a i n e d  an o r a n g e  p r o d u c t  and a
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c o l o u r l e s s  o n e .  R e c h r o m a t o g r a p h y  (40 x  1 . 5  c m ,  c o l u m n  II) of  
t h i s  m i x t u r e  w i t h  p e t r o l : b e n z e n e  (4 :1 ,  250  m l )  g a v e  o r a n g e  e l u a t e s ;  
b e n z e n e  (250  m l )  g a v e  a c o l o u r l e s s  p r o d u c t .  T h e  o r a n g e  e l u a t e s  
w e r e  c o m b i n e d  w i th  the o r a n g e  e l u a t e s  f r o m  c o l u m n  I to g i v e  the  
th ion e  (11) (242  m g ,  1 1 .5% ) ,
E l u t i o n  of  c o l u m n  I w i t h  b e n z e n e  (600 m l )  a f fo r d e d  a c o l o u r l e s s  j 
c o m p o u n d  w h i c h  w a s  c o m b i n e d  w i th  the  c o l o u r l e s s  e l u a t e s  f r o m  2
c o l u m n  II to g iv e  the k e t o n e  (12)  (811 m g ,  42%).  F u r t h e r  e l u t i o n  ;
w i th  b e n z e n e : e t h e r  ( 1 : 1) and e t h e r  g a v e  no u s e f u l  m a t e r i a l .
E t h e r : m e t h a n o l  (4 9:1 ,  500  m l )  g a v e  a y e l l o w  p r o d u c t ,  c o n t a m i n a t e d  
by b r o w n  i m p u r i t i e s .  R e c h r o m a t o g r a p h y  (15 x  1 . 5  c m )  w i th  b e n z e n e  
and b e n z e n e : e t h e r  (4:1)  b r o u g h t  off  s o m e  i m p u r i t i e s .  T h e  p r o d u c t  g
w a s  o b t a in e d ,  i m p u r e ,  in  500  m l  of b e n z e n e :  e t h e r  (1 :1 ) .
R e c h r o m a t o g r a p h y  ( s i l i c a ,  15 x  1 . 5  c m )  w i th  b e n z e n e ,  then  
b e n z e n e : e t h e r  (1:1)  g a v e  no  u s e f u l  m a t e r i a l .  E t h e r  (200 m l )  g a v e  
y e l l o w  e l u a t e s  c o n t a i n i n g  5 - p h e n y l - 3 - ( 4 - p y r i d y l i m i n o ) - 3 H - ] , 2 -  
d i t h io l e  (24) (24 m g ,  0 .9%)  a s  y e l l o w  p l a t e s  f r o m  c y c l o h e x a n e ,  i|
j.m p  1 6 8 . 5 - 1 6 9 . 5 .  i
Found:  C 62 .  3; H 3. 6 ; N 10.  2 
G 4H 1 N 2S r e q u i r e s :  C 6 2 . 2 ;  H 3 . 7 ;  N 1 0 . 4  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 7 0 . 0 2 7 1
^  1 4 ^ 1 0 ^ 2 ^ 2  2 7 0 . 0 2 8 5
u v  s p e c t r u m  ( q u a l i t a t i v e ) : X  (nm) 362 ,  27 3,  213m a x
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5. T h e  R e a c t i o n  of  3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h l o l l u m  C h l o r i d e  
w ith  2 - A m i  n o p y r i m i d i n e
2 - A m i n o p y r i m i d i n e  ( 1 . 9 0 4  g,  20 m M ) and 3 - c h l o r o - 5 - p h e n y l  - 1 , 2 -
d i t h i o l i u m  c h l o r i d e  ( 2 . 4  91 g, 10 m M )  w e r e  u s e d .  T h e  r e s i d u e
w a s  c h r o m a t o g r a p h e d  (50 x  2 . 7  c m ,  c o l u m n  I).  P e t r o l : b e n z e n e
(3:1 ,  650  m l )  g a v e  o r a n g e  e l u a t e s .  T h e  n e x t  2 5 0  m l  of  e l u a t e s
w a s  a m i x t u r e  of an  o r a n g e  and a c o l o u r l e s s  p r o d u c t .
R e c h r o m a t o g r a p h y  (40  x  1 . 5  c m ,  c o l u m n  R ) w i t h  p e t r o l : b e n z e n e
(4 :1 ,  250  ml)  g a v e  o r a n g e  e l u a t e s ;  b e n z e n e  (250  m l )  g a v e  a c o l o u r l e s s
p r o d u c t .  C o m b i n a t i o n  of  the  o r a n g e  e l u a t e s  f r o m  c o l u m n s  I and II
a f fo r d e d  the  th io n e  (11)  (15 8 m g ,  7 .5 % ) .
E l u t i o n  o f  c o l u m n  I w i th  b e n z e n e  (700  m l )  g a v e  c o l o u r l e s s  
e l u a t e s ,  w h ic h ,  w h e n  c o m b i n e d  w i th  the  c o l o u r l e s s  p r o d u c t  f r o m  
c o l u m n  II, g a v e  the  k e t o n e  (12)  (843  m g ,  43%).  E l u t i o n  w i th  e t h e r  
and e t h e r : m e t h a n o l  ( 19 : 1) b r o u g h t  f o r t h  b lue  and pink e l u a t e s ,
w h ic h  w e r e  d i s c a r d e d .  E t h e r : m e t h a n o l  (4 :1 ,  500  m l )  g a v e  y e l l o w
e l u a t e s .  R e c h r o m a t o g r a p h y  ( 10 x  1 . 5  c m )  w i th  e t h e r  r e m o v e d  
i m p u r i t i e s ,  and e t h e r t m e t h a n o l  (1 9 :1 ,  350 m l )  g a v e  2 - p h e n y l - 1 , 8bX ^ -  
d i t h i a - 4 , 5, 8a - t r i a z a c y c l o p e n t  £a j in d e n e  (25)  (113  m g ,  4 .2%) a s  
y e l l o w  m i c r o p r i s m s  f r o m  m e t h a n o l / b e n z e n e ,  m p  1 69 -  17 1° .
F o u n d :  C 5 7 . 8 ;  H 3 . 2 ;  N 1 5 . 7  
G 13H 9N 3S 2 r e q u i r e s :  C 57 .  5; H 3.  3; N  15.  5 
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 7 1 , 0 2 4  5 
C ^ r e q u i r e s :  2 7 1 . 0 2 3 8
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n m r  (CDC l  ): ^ 7 , 02 ( I H , t ,  p o o r l y  r e s o l v e d ,  7 - H ) , 7 . 4 0 - 7 . 5 3
* !
( 3 H , m , m -  and p - p r o t o n s  of  2 - P h ) , 7 , 6 4 - 7 . 7 7  ( 3 H , m , p - p r o t o n s  
of 2 - P h , a n d  3 - H ) , 8 . 80 (2H,  v b r ,  6 - H  and 8 - H ) .  i
n m r  ( G D G 1 ^ , - 2 4 ° C ) :  & 7 . 0 5  g ^ 4 . 8 . 7 - H ) .  7 . 4 4 - 7 . 5 4  :
( 3 H . , m , n i -  and p - p r o t o n s  of  2 - P h ) ,  7.  6 6 - 7 . 7 6  (3H ,  m ,  o - p r o t o n s  
of  2 - P h  and 3 - H ) ,  8 . 81 ( 2 H , d ,  4 .  8 , 6 -  and 8 -H )  j
u v  s p e c t r u m : X  (nm )  4 . 25 sh ( l o g ^  3. 87) ,  4 06  ( 4 . 1 8 ) ,  394 sh (4 . 16) ,  '
291 ( 4 . 2 1 ) ,  2 2 5 s h  ( 4 . 3 6 ) ,  2 1 0 ( 4 . 4 1 )
6 . T h e  R e a c t i o n  o f  3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  C h l o r i d e  !
w i th  2,  6 - D i a m i n o p y r i d i n e
2,  6 - D i a m i n o p y r i d i n e  ( 2 . 1 8 1  g, 20 m M )  and 3 - c h l o r o - 5-
p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e  ( 2 . 4  95 g,  10 m M )  w e r e  u s e d .  T h e
r e s i d u e ,  w h ic h  w a s  d a r k  b r o w n  and c o n t a in e d  b l a c k  s c u m ,  w a s
c h r o m a t o g r a p h e d  (20 x  2 . 7  c m ,  c o l u m n  I ) .  E l u t i o n  w i th  b e n z e n e
(300  m l )  a f f o r d e d  a m i x t u r e  of  an  o r a n g e  and a c o l o u r l e s s  c o m p o u n d .
R e c h r o m a t o g r a p h y  (50 x  2 . 0  c m )  of  t h i s  m i x t u r e  w i th  p e t r o l : b e n z e n e
( 3 :1 ,  700  m l )  g a v e  th e  t h io n e  (11) (296  m g ,  14 .  l% )^ben zene  (300 m l )
g a v e  th e  k e t o n e  (12)  (170  m g ,  8 . 8%). j
E l u t i o n  o f  c o l u m n  I w i th  b e n z e n e : e t h e r  ( 9 :1 ,  400  m l )  b r o u g h t  I
f o r t h  y e l l o w  e l u a t e s  w i t h  an  o r a n g e  t a i l .  T h i s  m i x t u r e  w a s  a l s o
r e c h r o m a t o g r a p h e d  (50  x  2 . 0  c m ) .  B e n z e n e :  e t h e r  (9:1)  g a v e  1000 m l  of
b r i g h t  o r a n g e  e lu a t e  s. w h ic h  a f f o r d e d  8- (5-phenyl- l ,2~dithiol-3-yl ideneamino)-  ■
2 - p h e n y l - 1, 8bX"^“ d i t h i a - 4  , 8a - d i a z a c y c i o p e n t  £a j in d e n e  (29)  (181 m g ,
4 .3%) a s  m a r i g o l d  o r a n g e  p l a t e s  f r o m  b e n z e n e ,  m p  1 9 1 - 1 9 2 ° .
m
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F o u n d :  C 5 9 .  8 ; H 3 . 4 ;  N 9. 1
C 23H 15N 3S 4 r e q u i r e s :  C 5 9 .  8 ; H 3.  3; N  9. 1
A c c u r a t e  m a s s  d e t e r m i n a t i o n ;  4 6 1 . 0 0 1 8  
r e q u i r e s :  4 6 1 .  014 9
nm r:  - s e e  T a b l e  2 . 
uv  s p e c t r u m  ( m e t h a n o l ,  qual i ta t ive) :*X (nm) 3 9 9 ,  2 9 1 ,  2 1 0 .
E l u t i o n  of  c o l u m n  I w i th  e th er - .m e th a n o l  (4 :1 ,  7 5 0  m l)  
b rought  f o r t h  a pink  c o m p o u n d .  R e c h r o m a t o g r a p h y  (15 x  3 . 5  c m )  
w ith  e t h e r : m e t h a n o l  (5 :2 ,  11.) g a v e  4-(5-phenyl-l,  2 - - d i t h io l - 3 - y l i d e n e -  
a m i n o ) -  2 - p h e n y l -  1, 8a X '^ - d i th ia - 3 b ,  8 - d i a z a c y c l o p e n t  [a  j i n d e n e  (31 ) ,  
(1 3 6  m g ,  4 .  9%) a s  r e d  r o d s  f r o m  b e n z e n e ,  m p  2 8 6 - 2 8 8 ° .
Found:  C 6 0 . 1 ;  H 3 . 0 ;  N 8 . 8
r e q u i r e s ;  C 5 9 .  8 ; H 3. 3; N  9.  123 15 3 4
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  4 6 1 . 0 1 2 9
C 23H 15N 3S4 r e q u i r e s :  4 6 1 .  014 9
n m r:  A s a t i s f a c t o r y  s p e c t r u m  w a s  not  o b t a in e d  due to  the  
i n s o l u b l e  n a t u r e  of  th e  p r o d u c t .
u v  s p e c t r u m  ( m e t h a n o l ,  q u a l i t a t i v e ) ( n m )  5 0 0 ,  3 3 4 ,  2 8 8 ,  2 2 5 .
7 .  T h e  R e a c t i o n  of  S-Chloro-tS-phenyl -  1, 2 - d i t h i o l i u m  C h l o r i d e  
w ith  2 - A m i n o b e n z i m i d a z o l e
2 - A m i n o b e n z i m i d a z o l e  ( 2 . 6 6 4  g, 20 m M ) and 3 - c h l o r o - 5 - p h e n y l -
1, 2 - d i t h i o l i u m  c h l o r i d e  ( 2 . 4 9 3  g, 10 mM) w e r e  u s e d .  T h e  r e s i d u e
w a s  c h r o m a t o g r a p h e d  (15 x  2 . 0  c m ,  c o l u m n  I) .  T h e  r e s i d u e  w a s
d i s s o l v e d  in 700  m l  o f  w a r m  b e n z e n e ,  w h ic h  w a s  p a s s e d  thr ou gh
the c o l u m n ,  f o l l o w e d  by 300 m l  of  c o ld  b e n z e n e .  T h e s e  e l u a t e s
c o n t a in e d  a m i x t u r e  of  an  o r a n g e  c o m p o u n d ,  and a c o l o u r l e s s
p r o d u c t ,  R e c h r o m a t o g r a p h y  (50 x  2 . 7  c m )  o f  t h i s  m i x t u r e  w i th
117
p e t r o l i b e n z e n e  ( 3 :1 ,  900 m l )  g a v e  the th io n e  (11)  (225  m g ,  10 .1%);  
b e n z e n e  (500  m l )  g a v e  the k e t o n e  (12) (7 86 m g ,  40%).
F u r t h e r  e lu t i o n  of  c o l u m n  I w i th  b e n z e n e : e t h e r  (1:1)  and  
e t h e r  a f fo r d e d  no u s e f u l  m a t e r i a l .  E t h e r  : m e t h a n o l  (9 9 :1 ,  250  m l)  
ga v e  o r a n g e / y e l l o w  e l u a t e s ,w h ic h  c o n t a in e d  2 - p h e n y l - 1 ,9 c  A - d i t h i a -  
4 ,  5 ,  9 b - t r i a z a - 5 H - p e n t a l e n o  [ l , 2 - a  ] in d en e  ( 3 3 ) .  T h e  c o m p o u n d  w a s  
r e c r y s t a l l i s e d  by  d i s s o l v i n g  it in hot  a c e t o n e ,  then  a dd ing  b e n z e n e .
T h e  a c e t o n e  w a s  b o i l e d  off ,  and the  c o m p o u n d  c r y s t a l l i s e d  f r o m  
the  b e n z e n e  a s  o r a n g e  m i c r o p r i s m s  (1 0 8  m g ,  3 .5% ) ,  m p  2 8 8 - 2 9 0 °
(with s u b l i m a t i o n  f r o m  2 3 0 ° ) .
Found:  C 6 1 . 9 ;  H 3.  6 ; N 1 3 . 5
^ 1 6 ^ 1 1^ 3^ 2  C 6 2 . 1 ;  H 3 . 6 ;  N 1 3 . 6
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  3 0 9 . 0 3 8 0
C , , H  r e q u i r e s :  3 0 9 . 0 3 9 416 11 3 2
n m r  ( D M S O - D ^ ,  s a t u r a t e d  so lu tion) :  5  7 .  1 0 - 7 . 2 3  ( 2 H , m ,  6 - and 9 - H ) ,  |  
7 , 3 5 - 7 .  63 ( 5 H , m , 2 - P h ) ,  7 . 78  ( IH ,  3-H),  7 . 7 9 - 7 . 9 0  ( 2 H , m , b r , 7 -  
and 8 -H ) ,  12 .  38 ( I H , b r , N H ) . 
uv  s p e c t r u m  ( m e t h a n o l )  :*A (nm)  414 ( l o g 2  4 .  30) ,  295  ( 4 . 3 2 ) ,
2 2 5 s h  ( 4 . 4 2 ) ,  212 ( 4 . 6 3 )
8 , T h e  R e a c t i o n  of  3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  C h l o r i d e  w ith  
2 - M e t h y l p y  r id in e
2 - M e t h y l p y r i d i n e  (1 .  862 g,  20 m M ) and 3 - c h l o r o - 5 - p h e n y l - 1, 2 -
d i t h i o l i u m  c h l o r i d e  ( 2 . 4  94 g, 10 m M ) w e r e  u s e d .  E x c e s s  2 - m e t h y l -
p y r i d i n e  w a s  r e m o v e d  a z e o t r o p i c a l l y ,  at r e d u c e d  p r e s s u r e ,  w i th
x y l e n e .  T h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d  (50 x  2 . 7  c m ,  c o l u m n  I) .
P e t r o l : b e n z e n e  (3:1)  a f f o r d e d  1000 m l  of  o r a n g e  e l u a t e s ,  f o l l o w e d
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b y  400  m l  of  a  m i x t u r e  of  an  o r a n g e  and a c o l o u r l e s s  p r o d u c t .  
R e c h r o m a t o g r a p h y  (4 0 x  1 . 5  c m ,  c o l u m n  II) of  the  m i x t u r e  w i t h  
p e t r o l i b e n z e n e  (4 :1 ,  350 m l )  g a v e  o r a n g e  e l u a t e s ;  b e n z e n e  (300  m l )  
a f f o r d e d  a c o l o u r l e s s  p r o d u c t .  T h e  o r a n g e  e l u a t e s  w e r e  c o m b i n e d  
w it h  the  f i r s t  f r a c t i o n  of  c o l u m n  I to  g iv e  the t h io n e  (11) (24 6 m g ,  
11 .7% ) .
E l u t i o n  of  c o l u m n  I w i t h  b e n z e n e  (500  m l )  a f fo r d e d  a 
c o l o u r l e s s  c o m p o u n d  w h ic h  w a s  c o m b i n e d  w i th  the  c o l o u r l e s s  
e l u a t e s  f r o m  c o l u m n  II to  g i v e  the  k e t o n e  (12) (810 m g ,  42%).
F u r t h e r  e lu t i o n  of  c o l u m n  I w i th  b e n z e n e : e t h e r  (1:1), e t h e r ,  
and e t h e r : m e t h a n o l  (4:1)  g a v e  no u s e f u l  m a t e r i a l .  E t h e r : m e t h a n o l  
(1 :1 ,  500 m l )  a f f o r d e d  p u r p l e  e l u a t e s  w h ic h  d e c o m p o s e d  r a p i d l y  
d u r in g  a t t e m p t s  to p u r i f y  t h e m .
9. T h e  R e a c t i o n  of  3 - C h l o r o - 5 - p h e n y l - 1, 2 - d i t h i o l i u m  C h l o r i d e  
w ith  N - P h e n y l b e n z a m i d i n e
2 " SAi PR N - P h e n y l b e n z a m i d i n e  w a s  p r e p a r e d  u s i n g
167the  e s t a b l i s h e d  p r o c e d u r e  . A t t e m p t s  to p r e p a r e  N - p h e n y l -
3 68a c e t a m i d i n e ,  u s i n g  W e i n t r a u b ' s  g e n e r a l  m e t h o d  fo r  the  
p r e p a r a t i o n  of  a m i d i n e s ,  p r o v e d  f r u i t l e s s .  A n a t t e m p t  to p r e p a r e  
a c e t a m i d i n e  by n e u t r a l i s a t i o n  of  i t s  h y d r o c h l o r i d e  s a l t  u s i n g  s o d i u m  
c a r b o n a t e  o r  s o d i u m  h y d r o x i d e  w a s  u n s u c c e s s f u l .  In both  c a s e s ,  
the a m i d e  w a s  o b ta in ed  i n s t e a d .
^ ( 3 . 9 2 5  g,  20 m M ) r e a c t e d  w i t h  3 - c h l o r o - 5 -  
p h e n y l - 1, 2 - d i t h i o l i u m  c h l o r i d e  ( 2 , 4  92 g, 10 m M ) . T h e  r e s i d u e  
w a s  c h r o m a t o g r a p h e d  (50 x  2 . 7  c m ,  c o l u m n  I) ,  P e t r o l i b e n z e n e  (4:1)
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g a v e  600 m l  of  o r a n g e  e l u a t e s  f o l l o w e d  by 200  m l  o f  a m i x t u r e
of  an o r a n g e  and a c o l o u r l e s s  p r o d u c t .  R e c h r o m a t o g r a p h y  of  t h i s
m i x t u r e  (40 x  1 . 5  c m ,  c o l u m n  IX) w i th  p e t r o l i b e n z e n e  (4 :1 ,  250  m l )
g a v e  o r a n g e  e l u a t e s ;  b e n z e n e  (250  m l )  g a v e  a c o l o u r l e s s  p r o d u c t .
T h e  o r a n g e  e l u a t e s  w e r e  c o m b i n e d  w i th  the o r a n g e  e l u a t e s  f r o m
c o l u m n  I ,  to g i v e  the th io n e  (11) (147 m g ,  7 . 0 % ) .
E l u t i o n  of  c o l u m n  I w i t h  b e n z e n e  (5 0 0  m l )  g a v e  c o l o u r l e s s
e l u a t e s ,  w h i c h ,  w h e n  c o m b i n e d  w i th  the c o l o u r l e s s  p r o d u c t  f r o m
c o l u m n  II, a f f o r d e d  the  k e t o n e  (12)  (84 3 m g ,  4 3%),
C o n t in u e d  e l u t i o n  of  c o l u m n  I w i th  b e n z e n e : e t h e r  (4 :1 ,  2 5 0  m l )
a f fo r d e d  b r o w n  e l u a t e s  w h i c h  w e r e  d i s c a r d e d .  B e n z e n e : e t h e r  ( 1 :1 ,
400  m l )  g a v e  o r a n g e  e l u a t e s .  R e c h r o m a t o g r a p h y  (20  x  1 . 5  c m )  w i t h
b e n z e n e :  e t h e r  (1 :1 ,  250  m l )  a f f o r d e d  5 - p h e n y l - 3 - p h e n y l i m i n o - 3 H -
1 , 2 - d i t h i o l e  (46) (17 m g ,  0 . 6  %) a s  dark  y e l l o w  m i c r o p r i s m s  f r o m
154 155b e n z e n e ,  m p  1 3 0 - 1 3 2 ^  ( l i t .  ' . 131 .  5 ° ) .
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 6 9 . 0 3 4 3
C a l c ,  f o r  C H _ N S „ :  2 6 9 . 0 3 3 315  11 2
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B .  SY N T H E S IS  O F  6 - M E T H Y L - 2 - P H E N Y L - 1 , 8a X ^ - D I T H I A -  
3b,  8 - D I A Z A C Y C L O P E N T  [ a j l N D E N E  A N D  A T T E M P T E D  
S Y N T H E S IS  O F  1, 6 , 6 a \ ^ - T R I T H I A - 3 a ,  7 - D I A Z A C Y C L O -  
P E N T  [ a J P E N T A L E N E S
1. P r e p a r a t i o n  of 2 - T r i c h I o r o m e t h y l s u I p h e n a m I d o h e t e r o c y c I e s
(i) 2 - T r i c h l o r o m e t h y l s u l p h e n a m i d o - 4 - m e t h y l p y r i d i n e  (54)
T h e  f o l l o w i n g  ad a p t io n  of G o e r d e l e r ’s m e t h o d w a s  u s e d : -
S o l u t io n s  of 2 - a m i n o - 4 - m e t h y l p y r i d i n e  ( 1 0 . 8 1  g,  100 m M )  
in e t h e r  (150  m l ) ,  p e r c h l o r o m e t h y l  m e r c a p t a n  ( 1 8 . 5 7  g, 1 0 , 9 5  m l ,  
100 m M )  in e t h e r  (60 m l )  and s o d i u m  c a r b o n a t e  ( 1 0 . 6 0  g,  100 m M )  
in  w a t e r  (100  m l )  w e r e  s i m u l t a n e o u s l y  a d d e d ,  w i t h  m e c h a n i c a l
s t i r r i n g ,  to 600 m l  of  e t h e r  w h i c h  had b e e n  c o o l e d  to a p p r o x .  0 ° ,
A l i t t l e  of  the p e r c h l o r o m e t h y l  m e r c a p t a n  w a s  a d d e d  f i r s t .  A f t e r  
one  h o u r ,  the l a y e r s  w e r e  s e p a r a t e d ,  and the e t h e r  l a y e r  w a s  
w a s h e d  w i th  w a t e r  (x 4 ) ,  d r i e d  and e v a p o r a t e d  at  r e d u c e d  p r e s s u r e  
on a c o ld  w a t e r  bath .  T h e  r e s u l t i n g  s o l id  w a s  w a s h e d  w i t h  p e t r o l  
and w a s  s u f f i c i e n t l y  p u r e  f o r  f u r t h e r  u s e .  1 3 . 2 7  g (52%) of  p r o d u c t  
w a s  o b t a in e d .  A s m a l l  p o r t i o n  w a s  r e c r y s t a l l i s e d  for  
c h a r a c t e r i s a t i o n .  2 - T  r i c h l o r o m e t h y l s u l p h e n a m i d o - 4  - m e t h y l ­
p y r i d i n e  (54) c r y s t a l l i s e d  a s  w h i t e  r o d s  f r o m  d i e t h y l  e t h e r ,  m p
1 1 8 . 5 -  1 2 0 ° ,  w i th  d e c o m p o s i t i o n .
Found;  C 32 .  5; H 2.  6 ; N 10.  7
C H.^C1^N^S r e q u i r e s :  C 32 .  6 ; H 2 . 7 ;  N 10.  9
A c c u r a t e  r n a s s  d e t e r m i n a t i o n :  2 5 5 ,  9 406  
C^H^C l^N^S r e q u i r e s :  2 5 5 . 9 3 8 6
^H n m r  ( C D C l^ ,  s a t u r a t e d  so lu t io n ) ;  S  2 . 3 3  (3H, b r , 4 - M e ) , 6 . 72
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' ( l H , d ,   ^ 5 . 0 ,  5 - H ) ,  7 . 2 5  ( l H , b r , 3 H ) ,  8 . 0 8  ( l H , d ,   ^ 5 . 0 ,
6 - H ) .
( i i )  2 - T r i c b l o r o m e t h y l s u l p h e n a m i d o t h i a z o l e  (52)
2 - A m i n o t h l a z o l e  ( 1 0 . 0 1  g,  100 m M )  w a s  u s e d  in  the a b o v e  m e t h o d ,  
and g a v e  the p r o d u c t  (52) in  52% y i e l d ,  m p  5 5 - 6 0 °  ( l i t .   ^ 5 3 - 5 9 ° ) .
( i i i)  2 - T r i c h l o r o m e t h y l s u l p h e n a r n i d o - 4  , 5 - d i h y d r o t h i a z o l e  (53)
T o  a s o l u t i o n  of  2-amino-2- th iazo l ine  (2 .  04 3 g, 20 m M )  in  
t e t r a h y d r o f u r a n  (50 m l )  w a s  added  d r o p w i s e ,  w i th  s t i r r i n g ,  a s o l u t i o n  
of  p e r c h l o r o m e t h y l  m e r c a p t a n  ( 1 . 8 5 9  g,  1 . 2 0  m l ,  10 m M )  in  t e t r a ­
h y d r o f u r a n  (10  m l ) .  A f t e r  30 m i n u t e s  t h e  p r e c i p i t a t e  w a s  f i l t e r e d  
off  and w a s h e d  w i th  w a t e r .  T h e  r e m a i n i n g  s o l i d  w a s  c o m b i n e d  
w i t h  the  t e t r a h y d r o f u r a n  f i l t r a t e s ,  w h i c h  w e r e  th e n  e v a p o r a t e d  to  
g iv e  2 - t r i c h l o r o m e t h y l s u l p h e n a m i d o - 4  , 5 - d i h y d r o t h i a z o l e  (53) ,  
a s  a t a r r y  w h i t e  s o l i d .  T h e  c o m p o u n d  w a s  not  p u r i f i e d  f u r t h e r  
b e c a u s e  o f  i t s  i n s t a b i l i t y .  It w a s  s t o r e d  in  the f r e e z e r .  T h e  
p r o d u c t  w a s  c h a r a c t e r i s e d  by  i t s  m a s s  s p e c t r u m ,  M at 2 5 0 .
2.  R e a c t i o n  of  B e n z o y l a c e t i c  A c i d  w i th  2 - T r i c h l o r o m e t h y l s u l p h e n -  
a m i d o h e t e  r e c y c l e  s
B e n z o y l a c e t i c  a c id  w a s  p r e p a r e d  by the m e t h o d  of  L e v i n e  and
„  169H a u s e r
(i) R e a c t i o n  w i th  2 - T  r i c h l o r o m e t h y l s u l p h e n a m i d o - 4  - m e t h y l p y r i d i n e  (54)
T o  a s o lu t i o n  of  b e n z o y l a c e t i c  a c id  ( 4 , 1 0 5  g, 25 m M ) in  
d i m e t h y l fo r r n a r n i d e  (200  m l )  w a s  added t r i e t h y l a m i n e  ( 1 5 . 1 8  g.
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2 0 .  85 m l ,  150 m M )  f o l l o w e d  b y  the s u l p h e n a m i d e  ( 6 . 4 4 0  g, 25 m M )
w h ic h  w a s  r i n s e d  into th e  f l a s k  w i th  m o r e  d i m e t h y l f o r m a m i d e  (50 m l ) .
T h e  m i x t u r e  w a s  s t i r r e d  f o r  one  h o u r ,  p o u r e d  in to  w a t e r ,  and
e x t r a c t e d  twTce w i th  b e n z e n e .  T h e  e x t r a c t s  w e r e  w a s h e d  with
w a t e r  (x 6 ) d r i e d  and e v a p o r a t e d .  The r e s i d u e  w a s  c h r o m a t o g r a p h e d
(30 X 2 . 7  c m ,  c o l u m n  I) .  B e n z e n e  (650  m l )  g a v e  p a l e  y e l l o w  e l u a t e s
c o n t a i n i n g  a m i x t u r e  of t h r e e  p r o d u c t s .  C o m p a r a t i v e  t ic  e s t a b l i s h e d
that  two  of  the  p r o d u c t s  w e r e  a c e to p h e n o n e ,  and 7 - m e t h y l - 3 - ( 4 - m e t h y l -
2 - p y r i d y l i m i n o )  - 3H- £1, 2 , 4  ] - t h i a d i a z o l o  £4 , 3 - a  j p y r i d i n e  ( 5 8 ) .  T h e
m i x t u r e  w a s  r e  c h r o m a t o g r a p h e d  (60 x  2 . 7  c m )  w i t h  p e t r o l i b e n z e n e
(1 :1 ,  250  m l )  g i v i n g  y e l l o w  e l u a t e s ,  w h ic h  w e r e  d i s c a r d e d .
P e t r o l : b e n z e n e  ( 1 :1 ,  250  m l  and 1:2,  300 m l)  and b e n z e n e  (900  m l )
a f fo r d e d  a c o l o u r l e s s  p r o d u c t .  R e c r y s t a l l i s a t i o n  f r o m  c y c l o h e x a n e
g a v e  7 - m e t h y l - 3 H - [ 1 , 2 , 4  J t h ia d ia z o lo  [4 , 3 - a  j p y r i d i n e - 3 - o n e  ( 5 7 , X = 0 )
( 2 . 0 1 8  g,  4 9 % )  a s  w h i t e  s p a r s ,  m p  1 2 4 -  125 .  5 ° .
Found:  C 50 .  8 ; H 3 . 4 ;  N 1 7 . 0
Calc ,  f o r  C.,H^N^OS: C 50 .  6 ; H 3 . 6 ;  N 1 6 . 97 6 2
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 6 6 . 0 2 0 3
C a l c ,  f o r  C ^ H . N . O S :  1 6 6 . 0 2 0 17 6 2
n m r  ( C D C l^  : ^ 2.  30 (3H, d,  f u r t h e r  s p l i t ,  g 1 . 3 ,  7 - M e ) ,
6 . 4 0  ( l H , d d ,  Jg g 7 . 2 ,  Jg g 1 . 6 ,  6 - H ) ,  6 . 8 7  ( l H , m , J g   ^ 1 . 6 ,
Jg 1 . 3 ,  8 - H ) ,  7 . 7 1  ( l H , d , b r ,  Jg  ^ 7 . 2 ,  5 - H ) .
E l u t i o n  of  c o l u m n  I w i th  b e n z e n e :  e t h e r  (4: 1) g a v e  a y e l l o w  
s o lu t i o n  w h i c h  w a s  d i s c a r d e d .  E t h e r  (800  m l )  g a v e  a y e l l o w  
c o m p o u n d .  R e c h r o m a t o g r a p h y  (20  x  2 . 7  c m )  w i th  e th e r  a f f o r d e d
A
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6 - m e t i i y l - 2 - p h e n y l -  1 - o x a -  8 a X ^ - t h i a - 3 b ,  8 - d i a z a c y c l o p e n t  [a Jindene  
(56) (551 m g ,  8 .2%) a s  y e l l o w  p l a t e l e t s  f r o m  b e n z e n e ,  m p  2 4 0 - 2 4 1 ° ,  
Found:  G 6 7 . 1 ;  H 4 . 4 ;  N  1 0 . 4  
G S r e q u i r e s :  C 67 .  1; PI 4 . 5 ;  N  1 0 . 4
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 6 8 . 0 6 5 7  
^ 1 5 ^ 1 2 ^ 2 ^  S r e q u i r e s :  2 6 8 , 0 6 7 0
1H n m r  ( p y r i d i n e - D g ,  80°C , s a t u r a t e d  so lu tion) :  ^ 2 . 0 7  ( 3 H , d , J g  ^
1 . 3 , 6 - M e ) ,  6 . 3 8  ( l H , d d , J g   ^ 6 . 3 ,  Jg  ^ 1 . 7 ,  5 - H ) ,  6 . 9 8  ( l H , m ,
J  ^ g 1 . 7 , J ^  6-Me  ^  ^"^)  ' 7 . 3 2 - 7 . 4 7  (3H, m ,  m -  and p - p r o t o n s
of  2 - P h ) ,  8 . 1 1 - 8 . 2 4  (3H, m , p - p r o t o n s  of  2 - P h , a n d  4 - H )  
u v  s p e c t r u m  ( m e t h a n o l ) : X  (nm)  4 0 9  ( log&4 . 31) ,  3 6 6 sh  ( 3 . 9 3 )  
2 3 9 s h  ( 4 . 2 7 ) ,  226  (4.35) ,  206  ( 4 . 1 9 )
(ii)  R e a c t i o n  w i t h  2 - T r i c h l o r o m e t h y l s u l p h e n a m i d o t h i a z o l e  (52)
T o  a s o l u t i o n  of  b e n z o y l a c e t i c  ac id  (825  m g ,  5 m M )  in
d i m e t h y l f o r m a m i d e  (40 m l )  w a s  added  t r i e t h y l a m i n e  ( 2 . 5 3  g,  3 . 5  m l ,
25 m M ) and the s u l p h e n a m i d e  (52)  ( 1 . 2 4  8 g,  5 m M ) w h ic h  w a s  r i n s e d
into the f l a s k  w i t h  m o r e  d i m e t h y l f o r m a m i d e  (10 m l ) .  T h e  m i x t u r e
w a s  s t i r r e d  for  one  h o u r ,  p o u r e d  into  w a t e r  and e x t r a c t e d  t h r e e
t i m e s  w i th  b e n z e n e .  T h e  e x t r a c t s  w e r e  w a s h e d  w i th  w a t e r  (x 6)
d r i e d  and e v a p o r a t e d .  C h r o m a t o g r a p h y  of  the r e s i d u e  (30  x  2 . 0  c m )
w i th  b e n z e n e  g a v e  a c e t o p h e n o n e  w h ic h  w a s  d i s c a r d e d .  B e n z e n e : e t h e r
( 9 : 1 , 200  m l )  a f f o r d e d  p a l e  y e l l o w  e l u a t e s  w h ic h  c o n t a i n e d  16 m g  of
+an i m p u r e  y e l l o w  p r o d u c t  w i th  M at  2 60.  T h i s  w a s  t e n t a t i v e l y  
i d e n t i f i e d  a s  5 - p h e n y l  - 6 - o x a -  6a X ^ - t h i a - 3 a ,  7 - d i a z a c y c l o p e n t  [a ] -  
p e n t a l e n e  (55 ) .
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(i i i )  R e a c t i o n  w i th  2 ~ T r i c h l o r o m e t h y l s u l p h e n a m i d o - 4 , 5 - d i h y d r o -  
t h i a z o l e  (53)
The m e t h o d  of  (ii ) a b o v e  w a s  u s e d ,  w i th  2 - t r i c h l o r o m e t h y l -  
s u l p h e n a m i d o - 4  , 5 - d i h y d r o t h i a z o l e  ( 1 , 2 5 8  g, 5 m M ) . N o  u s e f u l  
m a t e r i a l  w a s  o b t a in e d  f r o m  the  r e a c t i o n .
T h e  r e a c t i o n  w a s  r e p e a t e d  und er  s t r o n g e r  c o n d i t i o n s : - 
A s o lu t i o n  of  b e n z o y l a c e t i c  a c id  (825  m g ,  5 m M )  and s o d i u m  
h y d r o x i d e  (200  m g ,  5 m M )  in  e th a n o l  (25 m l )  w a s  added  d r o p w i s e  
to  a  s o l u t i o n  of  2 - t r i c h l o r o m e t h y l s u l p h e n a m i d o - 4 , 5 - d i h y d r o t h i a z o l e  
(53) ( 1 . 2 5 8  g,  5m M )  in  e th a n o l  (100  m l )  in  the p r e s e n c e  o f  e x c e s s  
s o d i u m  c a r b o n a t e .  T h e  s o lu t i o n  w a s  s t i r r e d  f o r  24 h o u r s ,  p o u r e d  
into w a t e r  and e x t r a c t e d  w i th  e t h e r .  T h e  tw o  p h a s e s  w e r e  w o r k e d  
up s e p a r a t e l y .
T h e  a q u e o u s  p h a s e  w a s  a c i d i f i e d  w i th  d i lu te  h y d r o c h l o r i c  
a c i d ,  e x t r a c t e d  t w i c e  w i th  e t h e r  and the  e x t r a c t s  w a s h e d  with  
w a t e r  (x 3) d r i e d  and e v a p o r a t e d .  No u s e f u l  m a t e r i a l  w a s  o b t a in e d .
T h e  o r g a n i c  p h a s e  w a s  w a s h e d  w i t h  w a t e r  (x  3) d r i e d  and 
e v a p o r a t e d .  C h r o m a t o g r a p h y  (30 x  2.  0 c m )  did not  y i e l d  a n y  of  
the d e s i r e d  p r o d u c t ,
3. T h i o n a t i o n  of 6 - M  e t h y l - 2 - p h e n y l - 1 - o x a - 8a X ^ -  t h i a - 3 b ,  8 - 
d i a z a c y c l o p e n t  [a j indene  (56)
6 - M e t h y l - 2 - p h e n y l  -  1 -  o x a - 8 a X ^ - t h i a - 3 b ,  8 - d i a z a c y c l o ­
pe n t  £a ] i n d e n e  (2 6 8  m g ,  1 m M )  w a s  d i s s o l v e d  in  d r y  p y r i d i n e  
(20 m l ) .  P h o s p h o r u s  p e n t a s u l p h i d e  (4 44 m g ,  2 m M )  w a s  r i n s e d  
in,  w i th  p y r i d i n e  (5 m l ) .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  one h o u r ,  
a l l o w e d  to  c o o l ,  p o u r e d  in to  w a t e r  (500  m l )  and e x t r a c t e d  w i th
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b e n z e n e  (3 x  250  m l ) .  T h e  e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r  
(3 X 250  m l )  d r i e d  and e v a p o r a t e d .  T h e  r e s i d u e  w a s  
c h r o m a t o g r a p h e d  (25 x  2 . 0  c m ) .  B e n z e n e  (300  ml)  g a v e  5 - p h e n y l - 
1 , 2 - d i t h i o l e - 3 - t h i o n e  (11)  (10 m g ,  0 . 5 % ) ,  m p  1 2 5 - 1 2 6 ° ,  m i x e d  
m p  1 2 5 - 1 2 6 . 5 ° ,  M^ = 2 1 0 . B e n z e n e : e t h e r  (3 :1 ,  600 m l )  g a v e  6 - 
m e t h y l - 2 - p h e n y l - 1 , 8a*X^-d i th ia -3b ,  8 - d i a z a c y c l o p e n t  {.a Jindene (23c)
(41 m g ,  1 .4%) a s  o r a n g e  m i c r o n e e d l e s  f r o m  b e n z e n e / c y c l o h e x a n e , 
m p  1 8 7 -  1 88 . 5° m i x e d  m p  1 87 -  188 .  5*^  M^ = 284 .
 ^H n m r  ( p y r i d i n e - D g ,  s a t u r a t e d  so lu tion) :  S 2.  1 6 (3H,  d,   ^ 1 . 3 ,
6 - M e ) ,  6 . 6 6  ( l H , d d ,  Jg^ 7 . 5 ,  Jg^ 1 . 9 ,  5 - H ) ,  7 . 2 4  ( l H , m , 7 - H ) ,
7 ,  3 2 - 7 . 4  6 ( 3 H , m , m -  and p - p r o t o n s  of  2 - P h ) ,  8 . 1 7 - 8 . 2 8  ( 2 H , m ,
p - p r o t o n s  of  2 - P h ) ,  8 . 4 5 ( I H , 3 - H ) , 8 . 82 ( I H ,  d,  g 7 . 5H z ,  4 - H )
E t h e r : m e t h a n o l  ( 9 9 :1 ,  600  m l )  a f fo r d e d  u n c h a n g e d  s t a r t i n g  m a t e r i a l  
(56)  (207 m g ,  77%). #
4 . P r e p a r a t i o n  of 7 - M e t h y l - 3 - ( 4 - m e t h y l - 2 - p y r i d y l i m i n o ) - 3H - 
[ 1 , 2 , 4  I t h ia d i a z o lo  [4 , 3 - a J pyr id in e  (58)
P o t t ’ s m e t h o d ^ w a s  u s e d .  T h e  p r o d u c t  w a s  c h r o m a t o g r a p h e d  
(20 X 2 . 0  c m ) .  E l u t i o n  w i t h  b e n z e n e  a f f o r d e d  7 - m e t h y l -  3 - (4  - m e t h y l -
2 - p y r i d y l i m i n o ) - 3 H - £ l . , 2 , 4 ] t h i a d i a z o l o  £4 , 3a Jpyr id in e  (58 ) ,  a s  
y e l l o w  p r i s m s  f r o m  b e n z e n e ,  m p  192-1  9 4 °  ( l i t .^^^ 1 8 9 - 1  91° ,  o r a n g e  
n e e d l e  s ) .
Found:  C 60 .  9; H 4 .  6 ; N 2 2 .  2 
C a lc ,  f o r  C^gHj^N^S: c  60 .  9; H 4 . 7 ;  N 2 1 .  9
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C .  S Y N T H E S IS  O F  IH and 6 H - T R I H E T E R A P E N T A L E N E S
P r e p a r a t i o n  of S t a r t i n g  M a t e r i a l s
5 - A m i n o - 3 - m e t h y l - 1,  2, 4 - t h i a d i a z o l e  (72)  and 5 - a m i n o - 3-
m e t h y l t h i o - 1, 2 ,  4 - t h i a d i a z o l e  (64)  w e r e  p r e p a r e d  b y  the  m e t h o d s  
170 171of  G o e r d e l e r  ’ . 5 - A m i n o - 3 - m e t h y l - 1, 2,  4 - t h i a d i a z o l e  w a s
c o n v e r t e d  to 5 - a m i n o - 3 ,  4 - d i m e t h y i - 4 H - 1, 2 ,  4 - t h i a d i a z o l i u m  i o d id e
(65a)  and t h e n c e  to  4 , 5 - d i h y d r o - 5 - i m i n o - 3 ,  4 - d i m e t h y l - 1, 2, 4 - t h i a -
107d i a z o l e  ( 66a) u s i n g  th e  e s t a b l i s h e d  p r o c e d u r e
P r e p ^ a t m n  of _5^Apqii^  
d i a z o l i u m  I o d i d e  (65b)
M e t h y l  i o d id e  ( 8 5 ,  16 g, 37.  35 m l ,  600  m M )  w a s  added  to a 
s o lu t i o n  of  5 - a m i n o - 3 - m e t h y l t h i o - 1, 2,  4 - t h i a d i a z o l e  ( 2 9 . 4 4  g,  200  m M )  
in e th a n o l  (100  m l ) .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  18 h o u r s ,  th e n  
c o o l e d  in an i c e - s a l t  bath .  T h e  p a l e  y e l l o w  p r o d u c t  w a s  f i l t e r e d  
off ,  w a s h e d  w i th  a c e t o n e  and t h e n  e t h e r .  A f u r t h e r  a m o u n t  of  
p r o d u c t  w a s  ob t a in e d  by t r e a t i n g  the m o t h e r  l i q u o r s  w i th  e t h e r ,  and  
f i l t e r i n g  off the p r e c i p i t a t e ,  t o ta l  y i e l d  ( 3 5 . 3 5  g,  61%). A  s a m p l e  
of  5 - a m i n o - 4 - m e t h y l - 3 - m e t h y l t h i o - 4 H -  1 , 2 , 4 - t h i a d i a z o l i u m  io d id e  
(65b) w a s  r e c r y s t a l l i s e d  a s  w h i t e  s p a r s  f r o m  m e t h a n o l ,  m p  2 0 7 - 2 1 0 ° .
Found:  C 1 6 . 7 ;  H 2 . 9 ;  N 1 4 . 4  
C^H I N 3S 2 r e q u i r e s :  C 1 6 . 6 ;  H 2 . 8 ;  N 1 4 . 5
^H n m r  (D M SO -D g):  S 2 . 7 O (3H, 3 - S M e ) ,  3 .  56 (3H, 4 - M e ) , 1 0 . 0 0  
( 2 H , b r , N H ^ )
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P r é p a r a t i o n  of  J  J  %A 59 A]A L» ^  »Jf z_
t h i a d i a z o l e  ( 66^
A s o l u t i o n  of  s o d i u m  h y d r o x i d e  ( 2 . 0 0  g ,  50 m M ) , in  w a t e r  
(100  m l )  w a s  a dde d  to a s o lu t i o n  of  5 - a m i n o - 4 - m e t h y l - 3 - m . e t h y l t h i o -  
4H -  1 , 2 , 4  - t h i a d i a z o l i u m  i o d id e  ( 1 4 . 4 6  g, 50 m M )  in  w a t e r  (200  m l ) .
T h e  a q u e o u s  s o l u t i o n  w a s  s t i r r e d  f o r  a f e w  m i n u t e s ,  th e n  e x t r a c t e d  
w ith  b e n z e n e  (2 x  500 m l ) .  T h e  e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r  
(x 3) d r i e d  and e v a p o r a t e d  to g iv e  4 ,  5 - d i h y d r o - 5 - i m i n o - 4 - m e t h y l -
3 - m e t h y l t h i o - 1, 2, 4 - t h i a d i a z o l e  ( 66b) (7 . 7  54 g, 96%) a s  a c o l o u r l e s s  
o i l  w h ic h  w a s  s t o r e d  u n d e r  r e f r i g e r a t i o n .  T h e  p r o d u c t  w a s  s u f f i c i e n t l y  
p u r e  f o r  f u r t h e r  u s e .
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 6 1 . 0 0 7 1  
r e q u i r e s :  1 6 1 . 0 0 8 1
%  n m r  (CDC lg ) :  6  2 . 5 5  (3H,  3 - S M e ) ,  3. 23 (3H, 4 - M e ) , 6 . 9 2  ( l H , b r ,  
=NH)
1, S y n t h e s i s  o f  T h i a a z a p e n t a l e n e  s
a . S y n t h e s i s  of  3 , 5 ,  6 - T r i s u b s t i t u t e d  - 6H - 3 a X ^ - t h i a - 1, 2, 3, 4 ,  6 - 
p e n t a a z a p e n t a l e n e  s
G e n e r a l  M e t h o d : -
T h e  r e l e v a n t  5 - i m i n o - 1, 2 ,  4 - t h i a d i a z o l e  (10  m M )  w a s
d i s s o l v e d  in a c e t o n i t r i l e : p y r i d i n e  ( 19 : 1 , 100 m l ) .  A r e n e d i a z o n i u m
f l u o r o b o r a t e  (4 0 m M )  w a s  ad d e d ,  and the m i x t u r e  w a s  s t i r r e d  at
r o o m  t e m p e r a t u r e .  T h e  r e a c t i o n  m i x t u r e  w a s  p o u r e d  into w a t e r .
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th e n  e x t r a c t e d  w i t h  b e n z e n e  ( x 2 ) .  T h e  e x t r a c t s  w e r e  w a s h e d  w i t h  
w a t e r  (x 3) d r i e d  and e v a p o r a t e d .  S u b s e q u e n t  p r o c e d u r e  i s  
d e s c r i b e d  f o r  e a c h  in d i v id u a l  c a s e ,
(i) T h e  r e s i d u e  f r o m  4 , 5 - d i h y d r o  - 5 - i m i n o -  3 , 4 - d i m e t h y l -  1, 2 , 4 -  
t h i a d i a z o l e  (1 .  292  g, 10 m M )  and b e n z e n e  d i a z o n i u m  f l u o r o b o r a t e  
(7 .  677 g, 40 m M )  w a s  c h r o m a t o g r a p h e d  (CO x  2 . 7  c m ) .  B e n z e n e  
and b e n z e n e : e t h e r  (3:1 and 1:1) g a v e  p a l e  y e l l o w  e l u a t e s  w h ic h  
w e r e  d i s c a r d e d .  E t h e r  g a v e  y e l l o w  e l u a t e s  w h i c h  w e r e  
r e c h r o m a t o g r a p h e d  ( 4 0 x 2  c m ) .  E lu t io n  wi th  e t h e r  g a v e  5, 6 - 
d i m e t h y l - 3 - p h e n y l - 6H - 3 a X ^ - t h i a -  1, 2 ,  3 , 4 ,  6 - p e n t a a z a p e n t a l e n e  (67a)  
(197  m g ,  8.4%) a s  y e l l o w  m i c r o s p a r s  f r o m  c y c l o h e x a n e ,  m p  1 9 0 -  1 9 2 ° .
Found:  C 5 1 . 3 ;  H 4 . 7 ;  N 3 0 . 2  
C^^H^^NgS r e q u i r e s :  C 5 1 . 5 ;  H 4 . 7 ;  N 3 0 . 0  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  23 3 .  0723
C^^Hj^^NgS r e q u i r e s :  2 3 3 . 0 7 3 5
nm r :  s e e  T a b l e  4
u v  s p e c t r u m : ^  m a x  352 ( l o g ^ 4 .  06) ,  3 3 2 s h  ( 3 .  98) ,  263  ( 3 , 5 4 ) ,
224 (4 .  14),  213  ( 4 . 1 1 )
(ii)  T h e  r e s i d u e  f r o m  4 ,  5 - d i h y d r o - 5 - i m i n o - 3,  4 - d i m e t h y l -  1 , 2 , 4 -  
t h i a d i a z o l e  ( 1 . 2 9 2  g,  lOmM) and p - n i t r o b e n z e n e d i a z o n i u m  f l u o r o ­
b o r a t e  ( 4 , 7 3 8  g,  20 m M )  c o n s i s t e d  o f  tw o  p r o d u c t s .  T h e  p r o d u c t s  
w e r e  b o i l e d  in  c h l o r o f o r m  in  the  p r e s e n c e  of  a l u m i n a  for  30 m i n u t e s ,  
to  c o n v e r t  a l l  the  m a t e r i a l  in to  one  c o m p o u n d .  C h r o m a t o g r a p h y
J.29
(10 X 3 . 5  c m ,  c o l u m n  I) w i th  e t h e r  g a v e  p a l e  y e l l o w  e l u a t e s .  
R e c h r o m a t o g r a p h y  ( 1 0 x 2  c m )  w i t h  e t h e r  g a v e  a t r a c e  of  a y e l l o w  
c o m p o u n d  w h i c h  w a s  d i s c a r d e d .  E t h e r : m e t h a n o l  (19:1)  g a v e  a  
s l o w e r - r u n n i n g  y e l l o w  p r o d u c t .
E l u t io n  o f  c o l u m n  I w i th  e t h e r  : m e t h a n o l  (19:1 )  a f f o r d e d  
a f u r t h e r  q uan t i ty  of  the  s l o w - r u n n i n g  y e l l o w  p r o d u c t .
C r y s t a l l i s a t i o n  of t h i s  m a t e r i a l  f r o m  b e n z e n e  g a v e  5, 6 - d i m e t h y l -
3 - p - n i t r o p h e n y l - 6 H - 3 s L \ ‘^ - th ia~  1, 2, 3 , 4 ,  6 - p e n t a a z a p e n t a l e n e  (67b)  
(825  m g ,  30%) a s  y e l l o w  p l a t e l e t s ,  w h ic h  s i n t e r e d  at 1 7 0 ° ,  
d e c r e p i t a t e d  f r o m  191° ,  t h e n  m e l t e d  and d e c o m p o s e d  f r o m  2 0 6 - 2 1 2 ° .  
Found:  C 4 3 . 0 ;  H 3 . 5 ;  N 3 0 . 0
^  10^  1 0 ^ 6^ ^ 2  ^ é q u i r e s ;  C 4 3 . 2 ;  H 3 . 6 ;  N 3 0 . 2
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  27 8 . 0 6 0 0  
C i o H i o N g S O g  r e q u i r e s :  2 7 8 . 0 5 8 6
nm r :  s e e  T a b l e  4 
uv  s p e c t r u m  ( m e t h a n o l ) ( n m )  391 ( logE ,  4 . 27 ) ,  276 ( 3 . 8 5 ) ,
219  ( 4 . 1 6 ) ,  207 ( 4 . 1 2 )
( i i i )  T h e  r e s i d u e  f r o m  4 , 5 - d i h y d r o - 5 - i m i n o - 4 - m e t h y l ~ 3 - m e t h y l t h i o -
1, 2 , 4 - t h i a d i a z o l e  ( 1 . 613 g,  10 m M ) with  b e n z e n e d i a z o n i u r n  f l u o r o ­
b o r a t e  ( 7 . 6 7 7  g ,  40  m M )  w a s  c h r o m a t o g r a p h e d  (20 x  2 . 7  c m ) .
B e n z e n e  g a v e  6 - m e t h y l  - 5 - m e t h y l t h i o -  3 - p h e n y l -  6H -  3aX^ - t h i a -  1 , 2 , 3 -
4 ,  6 - p e n t a a z a p e n t a l e n e  ( 6 7 c ) ,  (2 9 8  m g ,  11 , 2%) a s  y e l l o w  r o d s  f r o m  
h e x a n e ,  m p  126®, w i t h  d e c o m p o s i t i o n .
Found:  C 4 5 . 4 ;  H 4 .  1; N 2 6 .  5 
C iq H i r e q u i r e s :  C 4 5 . 3 ;  H 4 . 2 ;  N 2 6 . 3
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A c c u r a t e  m a s s  d e t e r m i n a t i o n ;  2 6 5 . 0 4 4  6 
r e q u i r e s :  2 6 5 . 0 4 5 6
n m r :  s e e  T a b l e  4
u v  s p e c t r u m :  (nm)  3 6 8 s h  ( lo g  E. 3.  7 8) ,  326  ( 4 . 0 1 ) ,  2 6 9 s h ( 3 , 7 5 ) ,
232p l  (4 .  28) ,  2 0 8 s h  (4 .  13)
(iv) T h e  r e s i d u e  f r o m  4 , 5 - d i h y d r o - 5 - i m i n o - 4 - m e t h y l - 3 - m e t h y l t h i o -  
1, 2,  4 - t h i a d i a z o l e  ( 1 . 6 1 3  g,  10 m M )  w i th  p - n i t r o b e n z e n e d i a z o n i u m  
f l u o r o b o r a t e  ( 9 . 4 7 7  g, 4 0  m M )  w a s  c h r o m a t o g r a p h e d  (20 x  3 . 5  c m ) .  
T h e  r a t h e r  i n s o l u b l e  m a t e r i a l  w a s  put onto  the  c o l u m n  in a l a r g e  
v o l u m e  of  w a r m  b e n z e n e .  T h e  c o l u m n  w a s  e lu te d  w i th  c o ld  b e n z e n e ,  
t h e n  e t h e r ,  w h ic h  g a v e  6 - m e t h y l - 5 - m e t h y l t h i o - 3 - p - n i t r o p h e n y l - 6H -  
3 a X ^ - t h i a - 1, 2, 3, 4 , 6 - p e n t a a z a p e n t a l e n e  (67d) ( 1 , 0 2 2  g ,  51%) a s  
y e l l o w  r o d s  f r o m  b e n z e n e ,  m p  2 3 2 - 2 3 4 °  w i th  d e c o m p o s i t i o n ,  and  
s i n t e r i n g  f r o m  2 2 0 ° .
Found:  C 3 8 . 7 ;  H 3.  1; N  2 7 .  5
C H ^ 0^ 6^ 2^2  r e q u i r e s :  C 3 8 . 7 ;  H 3 .  2 ; N 2 7 .  1
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  3 1 0 . 0 2 9 8
C , r e q u i r e s :  3 1 0 , 0 3 0 7
f  U  J. U  o
n m r :  s e e  T a b l e  4 
uv  s p e c t r u m  ( m e t h a n o l ,  q u a l i t a t i v e ) T \  (nm)  385 ,  3 4 0 sh ,  2 9 0 ,
2 3 8 ,  2 1 3 ,  2 0 6
b . S y n t h e s i s  of  1 , 2 , 4 - T r i s u b s t i t u t e d - I FI -3 a X v^ - t h l a - 1 , 3 , 4 ,  6 - t e t r a - 
a z a p e i i t a l e n e  s
(i) A s o l u t i o n  of  phosjahory l  c h l o r i d e  ( 1 . 6 9  g, 1 m l ,  11 m M ) in  
d i m e t h y l f o r m a m i d e  (10  m l )  w a s  s t i r r e d  at  r o o m  t e m p e r a t u r e  f o r
131
10 m i n u t e s ,  4 , 5 - D i h y d r o - 5 - i m i n o - 3, 4 - d i m e t h y l - 1, 2, 4 - t l i i a -  
d i a z o l e  ( 1 , 2  92 g,  10 m M ) i n  d i m e t h y l f o r m a m i d e  (2 5 m l )  w a s  
added  o v e r  a p e r i o d  of  s e v e r a l  m i n u t e s .  T h e  m i x t u r e  w a s  
s t i r r e d  fo r  30 m i n u t e s ,  w h e n  a q u e o u s  m e t h y l a m i n e  s o lu t io n  
(1 00  m l )  w a s  a d d e d .  A f t e r  10 m i n u t e s ,  the m i x t u r e  w a s  p o u r e d  
in to w a t e r  and e x t r a c t e d  t w i c e  w i t h  m e t h y l e n e  c h l o r i d e .  T h e
e x t r a c t s  w e r e  w a s h e d  w i t h  w a t e r  (x 6) d r i e d  and e v a p o r a t e d  to
g i v e  a w h i t e  s o l i d .  C h r o m a t o g r a p h y  (20  x  2 c m )  w i th  e t h e r  gave
1 , 2 ,  4 - t r i m e t h y l  - IH-3aTX!^ - t h i a -  1, 3 , 4 ,  6 - t e t r a a z a p e n t a l e n e  (71a)  
(392  m g ,  23%) a s  w h i t e  p l a t e s  f r o m  c y c l o h e x a n e ,  m p  12 8 -1  3 2 ° .
Found:  C 4 2 .  0; H 5 . 7 ;  N 32 .  8 
r e q u i r e s :  C 4 2 .  3; H 5 , 9 ;  N  32 .  9 
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 7 0 . 0 6 1 6  
r e q u i r e s :  1 .7 0 ,0 6 2 6
nm r:  s e e  T a b l e  6 
u v  s p e c t r u m t X ( n m )  294 ( l o g &  3.  98 ) ,  2 0 8  ( 3 . 8 2 )
(ii)  A s o l u t i o n  of  p h o s p h o r y l  c h l o r i d e  ( 1 , 6 9  g,  1 m l ,  11 rxiM) in  
d i m e t h y l f o r m a m i d e  (10  m l )  w a s  s t i r r e d  at  r o o m  t e m p e r a t u r e  fo r  
10 m i n u t e s ,  then  a dde d  s l o w l y  to a s o l u t i o n  o f  5 - a m i n o - 4 - m . e t h y l -
3 - m e t h y l t h i o - 4 H - 1, 2 ,  4 - t h i a d i a z o l i u m  io d id e  ( 2 . 9 8 2  g, 10 mhf)  
and t r i e t h y l a m i n e  ( 1 . 1 1  g, 1 . 5 3  m l ,  11 m M ) in  d i m e t h y l f o r m a m i d e  
(40 m l ) .  T h e  m i x t u r e  w a s  s t i r r e d  f o r  30 m i n u t e s ,  w h e n  a q u e o u s  
m e t h y l a m i n e  s o lu t i o n  (100  m l)  w a s  a d d e d .  A f t e r  10 m i n u t e s , 
the m i x t u r e  w a s  p o u r e d  in to  w a t e r ,  e x t r a c t e d  w i t h  b e n z e n e
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(2 X 500  m l ) ,  w a s h e d  w i t h  w a t e r  (x 6 ) ,  d r i e d  and e v a p o r a t e d .
T h e  r e s u l t i n g  p a l e  b r o w n  o i l  w a s  d i s s o l v e d  in  b e n z e n e ,  b o i l e d  
w ith  a c t i v e  c h a r c o a l  f o r  a f e w  m i n u t e s ,  f i l t e r e d  t h r o u g h  a bed of  
’’H yf lo  S u p e r c e l "  and the  b e n z e n e  e v a p o r a t e d  o f f .  T h e  r e s u l t i n g  
c o l o u r l e s s  o i l  w a s  t r i t u r a t e d  w i th  p e t r o l  to  g iv e  1, 4 - d i m e t h y l - 2 -  
m e t h y l t h i o - I H - 3 c i X ^ - t h i a - 1, 3, 4 ,  6 - t e t r a a z a p e n t a l e n e  ( 7 lb)  ( 1 . 1 4 7  g,  
56%) a s  w h i t e  s p a r s ,  m p  7 9 - 8 2 . 5 ° ,
Found:  C 35 .  8; H 5 . 0 ;  N 2 7 , 4  
r e q u i r e s :  C 3 5 . 6 ;  H 5 . 0 ;  N 2 7 . 7  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 0 2 , 0 3 3 7
C . H  N . S  r e q u i r e s :  2 0 2 . 0 3 4 7o 1U 4 z
nm r:  s e e  T a b l e  6
uv  s p e c t r u m : ^  m a x  297 ( lo g  & 3 . 9 6 ) ,  223  ( 4 . 0 4 ) ,  2 0 8 s h  ( 3 . 9 2 )
2.  S y n t h e s i s  o f  O x a -  and S e l e n a - t h i a a z a p e n t a l e n e s
a . P r e p a r a t i o n  of 5 - A c e t a m i n o - 3 - m e t h y l - 1, 2 ,  4 - t h i a d i a z o l e  (73)
5 - A m i n o -  3 - m e t h y l -  1 , 2 ,  4 - t h i a d i a z o l e  ( 5 . 7 5 8  g,  50 m M )  w a s  
b o i l e d  w i th  a c e t i c  a n h y d r i d e  (50  m l )  for  30 m i n u t e s .  T h e  
r e m a i n i n g  a c e t i c  a n h y d r i d e  w a s  e v a p o r a t e d  off  u n d e r  r e d u c e d  p r e s s u r e ,  
the l a s t  t r a c e s  b e i n g  r e m o v e d  by a z e o t r o p i c  d i s t i l l a t i o n  w i t h  t o l u e n e .  
The  r e s i d u a l  s o l i d  w a s  r e c r y s t a l l i s e d  f r o m  b e n z e n e  (3 c r o p s )  to  
g iv e  5 - a c e t a m i n o - 3 - m e t h y l - 1, 2, 4 - t h i a d i a z o l e  (7 3) ( 7 . 3 6 4  g, 94%) 
a s  wh i te  m i c  r o p r i s m s ,  m p  14 7 - 1 4 7 ,  5 ° .
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Foun d:  C 3 8 . 0 ;  H 4 . 3 ;  N 2 7 . 0
C -H _ N ^ S O  r e q u i r e s :  C 36.  2; H 4 . 5 ;  N 2 6 . 7  5 7 3 3
A c c u r a t e  im ass  d e t e r m i n a t i o n :  1 5 7 . 0 3 0 7
CgH^^N^SO r e q u i r e s :  1 5 7 . 0 3 1 0
iH n m r  (C D C l  ) : 6  2 . 2 4  ( 3 H , C O M e ) ,  2 . 4 5  (3H, 3 - M e ) ,  3. 35 ( IH ,  b r , N H )
•V 4b.  S y n t h e s i s  of  2,  5, 6 - T r i m e t h y l - 6 H - 3 - o x a - 3 a A  - t h i a - 1 , 4 , 6 -  
t r i a z a p e n t a l e n e  (7 5)
(i) M Ë Ê I P Y } j u ^
T o  a s o l u t i o n  of  5 - a c e t a m i n o -  3 - m e t h y l -  1 , 2 ,  4 - t h i a d i a z o l e  
(1 . 572 g,  10 m M )  in d r y  b e n z e n e  (80 m l )  w a s  added  m e t h y l  f l u o r o -  
s u lp h on ate  ( 2 . 8 2  g,  1 . 6 2  m l ,  20 m M ) ,  T h e  m i x t u r e  w a s  r e f l u x e d  
for  30 m i n u t e s .  On c o o l i n g ,  a g l a s s  f o r m e d .  T h e  s o l v e n t  w a s
d e c a n t e d  o f f ,  and the g l a s s  w a s  d i s s o l v e d  in  w a t e r ,  t h e n  t r e a t e d
w i th  e x c e s s  s o d i u m  c a r b o n a t e  s o lu t i o n .  T h i s  a q u e o u s  s o lu t i o n  
w a s  e x t r a c t e d  w i t h  b e n z e n e  (x 2), the e x t r a c t s  w a s h e d  with  w a t e r  (x  3) 
d r i e d  and e v a p o r a t e d .  T h e  r e s i d u e  w a s  p u r i f i e d  by c h r o m a t o g r a p h y  
( s i l i c a ,  2 0 x 2 . 7  c m ) .  E t h e r  g a v e  a t r a c e  of  an u n i d e n t i f i e d  p r o d u c t ,  
w h i l e  e t h e r : m e t h a n o l  (4 9:1 ,  500  m l )  a f fo r d e d  2, 5, 6 - t r i m e t h y l - 6 H -  
3 - o x a -  3 a \ ^ - t h i a -  1 , 4 ,  6 - t r i a z a p e n t a l e n e  (75) (602  m g ,  35%) a s  w h i te  
s p a r s  f r o m  b e n z e n e ,  m p  147 .  5 - 1 4  8. 5 ° .
Found:  C 4 2 .  1; H 5 . 3 ;  N 2 4 . 7
C^H N^OS r e q u i r e s :  C 4 2 .  1; H 5.  3; N 2 4 . 5
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 7 1 . 0 4 7  3 
C^H N^OS r e q u i r e s :  1 7 1 . 0 4 6 6
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n m r  (CDCl^):  s e e  T a b l e  5
uv  s p e c t r u m  (m e t h a n o l )  (nm) 281 ( log  £ . 4 .  0 4 ) ,  205 ( 3 . 8 4 )m a x
(ii) A c j e ^ M U q n 5 _ * ' P "J- i J ' j A s :  _  “
t h i a d i a z o l e
4 , 5 - D i h y d r o  - 5 - i m i n o  - 3, 4 - d i m e t h y l -  1 , 2 ,  4 - t h i a d i a z o l e  
( 1 . 292  g,  10 m M ) w a s  s t i r r e d  f o r  30 m i n u t e s  in a c e t i c  a n h y d r i d e  j
(25 m l ) .  T h e  m i x t u r e  w a s  e x t r a c t e d  w i th  b e n z e n e  (x 2) , w a s h e d  
v/ith w a t e r  (x 2) d r i e d  and e v a p o r a t e d .  C r y s t a l l i s a t i o n  of  the  
r e s i d u e  f r o m  b e n z e n e  g a v e  2, 5,  6 - t r i m e t h y l - 6 H - 3 - o x a - 3 a " X  - t h i a -  -
1 , 4 ,  6 - t r i a z a p e n t a l e n e  (75) (800 m g ,  47%) a s  w h i t e  s p a r s ,  m p  14 7 -  1 4 6 ° ^ j
m i x e d  m p  1 4 7 . 5 - 1 4  8 . 5 ° .  M a s s  s p e c t r u m ,  n m r  s p e c t r u m  
i d e n t i c a l  to  p r e v i o u s  s a m p l e .
c . P r e p a r a t i o n  of  5 - F o r m a m i n o - 3 - m e t h y l - l , 2 , 4 - t h i a d i a z o l e  (77)
T o  a s o l u t i o n  of  5 -  a m i n o -  3 - m e t h y l -  1 , 2 , 4  - t h i a d i a z o l e  
(2 .  303 g, 20 m M )  in  x y l e n e  (100  ml)  w a s  a dde d  f o r m i c  a c id  (2 .  30 g,
1 . 9  m l ,  50 m M ) .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  24 h o u r s ,  w h e n  
the s o l v e n t  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  T h e  r e s i d u a l  
w h ite  s o l id  c o n s i s t e d  of  a m i x t u r e  of  u n r e a c t e d  s t a r t i n g  m a t e r i a l  
and the d e s i r e d  p r o d u c t ,  in  the  a p p r o x i m a t e  r a t i o  o f  1:7 .  T w o  
s u c c e s s i v e  c r y s t a l l i s a t i o n s  of  t h i s  m a t e r i a l  f r o m  e t h a n o l ,  w i th  
c h a r c o a l  screening g a v e  5 - fo r m a mino-3-methyl--1 ,  2 , 4 - t h i a d i a z o l e  (77) ,  
( 1. 494  g,  52%) a s  w h i t e  m i c  r o p r i s m s ,  m p  1 8 9 °  ( s u b l i m e s ) .
F ound:  C 3 3 .  3; H 3. 3; N 2 9 .  3 
C .H ^ N ^ O S  r e q u i r e s :  C 3 3 . 6 ;  H 3 . 5 ;  N  2 9 . 3
136
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 4 3 . 0 1 4 5
C^H N^OS r e q u i r e s :  1 4 3 . 0 1 5 3
%  n m r  ( D M S O - D  ): â  2 . 4 6  ( 3 H , 3 - M e ) , 8 . 7 4  ( l H , C H O ) ,  1 2 . 8 5  ( IH ,  
b r , N H )
d . S y n t h e s i s  and A t t e m p t e d  S y n t h e s i s  o f  5 , 6 - D i s u b s t i t u t e d - 6 H - 3-  
o x a -  - t h i a -  1 , 4 ,  6 - t r i a z a p e n t a l e n e  s
(i) M ethyM U .gnqo^ ^ - F q r m ^ m i n o j  3 - m e th y l
5 - F o r m a m i n o - 3 - m e t h y l -  1 , 2 , 4 - t h i a d i a z o l e  ( 1 . 4 3 2  g ,  10 m M )
w a s  ground  up and s u s p e n d e d  in d r y  c h l o r o f o r m  (200 m l ) .  T o  t h i s
w a s  added  m e t h y l  f l u o r o s u l p h o n a t e  ( 2 . 8 2  g,  1 . 6 2  m l ,  20 m M ) , and
the m i x t u r e  w a s  s t i r r e d  f o r  18 h o u r s ,  d ur ing  w h i c h  t i m e  a t a r r y  o i l
f o r m e d  around  the s i d e s  of  the f l a s k .  T h e  c h l o r o f o r m  w a s  d e c a n t e d
off,  and t r e a t e d  w i th  e t h e r ,  to p r e c i p i t a t e  any  s a l t  w h ic h  had
d i s s o l v e d  in the c h l o r o f o r m .  N o n e  w a s  o b t a in e d .  T h e  o i l  in th e
f l a s k  w a s  d i s s o l v e d  in  w a t e r ,  and e x c e s s  s o d i u m  c a r b o n a t e  ad d e d .
T h e  r e s u l t i n g  s o l u t i o n  w a s  e x t r a c t e d  in to m e t h y l e n e  c h l o r i d e  (2 x
250 m l ) ,  w a s h e d  w i th  w a t e r  (x 3) and d r i e d .  T h e  c o l o u r l e s s  p r o d u c t
w a s  p u r i f i e d  by c h r o m a t o g r a p h y  (20 x  2 c m ) .  E l u t i o n  wi th
e t h e r : m e t h a n o l  (49:1)  a f f o r d e d  5,  6 - d i m e t h y l - 6 H - 3 - o x a - 3 a " X ^ - t h i a -
1 , 4 ,  6 - t r i a z a p e n t a l e n e  (79a)  (290  m g ,  18 .5%) a s  w h i t e  p r i s m s  f r o m
c y c l o h e x a n e ,  m p  1 0 1 - 1 0 1 .  5 ° .
Found:  C 38 .  1; H 4 . 4 ;  N 2 6 . 4  
C H.^N^SO r e q u i r e s :  C 3 8 . 2 ;  H 4 . 5 ;  N 2 6 . 7  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 5 7 . 0 3 0 2  
Cp.l{,^N^SO r e q u i r e s :  1 5 7 . 0 3 1 0
nmr: s e e  T a b l e  5
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uv  s p e c t r u m : " X  (nm) 284 ( lo g  & 3 . 9 9 ) ,  235 ( 3 . 0 9 ) ,  206 ( 3 . 8 5 )
(ii) _AUempJ^ed F o j i p y l a t n o n  Tî^ ^ - i 7 _ 9 1 _
A s o l u t i o n  of  p h o s p h o r y l  c h l o r i d e  ( 1 , 6 9  g,  1 ml', 11 m M ) in
d i m e t h y l f o r m a m i d e  (10 m l )  w a s  s t i r r e d  at  r o o m  t e m p e r a t u r e  f o r  10 i
m in u te  s .  4 , 5 - D i h y d r o -  5 - i m i n o -  3, 4 - d i m e t h y l -  1 , 2 , 4  - t h i a d i a z o l e
( 1 . 2 9 2  g, 10 m M ) in  d i m e t h y l f o r m a m i d e  (25 m l )  w a s  added s l o w l y .
T h e  m i x t u r e  w a s  s t i r r e d  f o r  30 m i n u t e s ,  w h e n  2M s o d i u m  h y d r o x i d e
so lu t i o n  (100 m l )  w a s  added .  After  10 m i n u t e s  the m i x t u r e  w a s
p o u r e d  into  w a t e r  and e x t r a c t e d  w i th  m e t h y l e n e  c h l o r i d e  (x 2).
T h e  e x t r a c t s  w e r e  w a s h e d  w i th  w a t e r  (x  6),  d r i e d  and e v a p o r a t e d .  |
N o  u s e f u l  m a t e r i a l  w a s  o b t a in e d .  <
A s o l u t i o n  of  p h o s p h o r y l  c h l o r i d e  ( 1 . 6 9  g,  1 m l ,  11 m M ) in
d i m e t h y l f o r m a m i d e  (10 m l)  w a s  s t i r r e d  at r o o m  t e m p e r a t u r e  f o r  10
m i n u t e s ,  t h e n  added  s l o w l y  to a s o l u t i o n  of 5 - a m i n o -4  - m e t h y l -  3 - m e t h y l -  <
th io-4H-  1,2,4-t h i a d i a z o l i u m  Iod ide  (2.982 g, 1,0 mJV  ^ and m e t h y l a m i n e  (1.11 g,  ;
1,55ml, 11 mM),  in d i m e t h y l f o r m a m i d e  (40m!^. T h e  m i x t u r e  was  s t i r r e d  f o r  30 ;
m i n u t e s ,  and 2M s o d i u m  h y d r o x i d e  s o lu t i o n  (100 m l )  w a s  a d d e d .  5
A f t e r  10 m i n u t e s  the  m i x t u r e  w a s  p o u r e d  in to  w a t e r ,  e x t r a c t e d  w i th  |
b e n z e n e  (x 2) ,  w a s h e d  w i t h  w a t e r  (x 6), d r i e d  and e v a p o r a t e d .  "
A p a l e  b r o w n  o i l  w a s  o b t a i n e d . T h i s  w a s  i d e n t i f i e d  a s  4 , 5 - d i h y d r o -
5 - i m i n o - 4 - m e t h y l - 3 - m e t h y l t h i o -  1 , 2 , 4  - t h i a d i a z o l e  (66b) (810  m g ,  I
50%), i d e n t i c a l  to a, s a m p l e  p r e v i o u s l y  p r e p a r e d  ( m a s s  s p e c t r u m ,
1H n m r  s p e c t r u m ) .
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(ii i)  Formylat jjDn o f _ 4 D i h y d i p i î T P É i l P Ê j - b - T p ^ « P lA z  
t h i a d i a z o l e
4 , 5 - D i h y d r o - 5 - i m i n o - 3, 4 - d i m e t h y l -  1 , 2 , 4  - t h i a d i a z o l e
( 1 , 29 2  g, 10 m M ) w a s  s t i r r e d  in  f o r m i c  a c id  (50 m l )  f o r  30 m i n u t e s .
T h e  f o r m i c  a c id  w a s  d i s t i l l e d  off  und er  r e d u c e d  p r e s s u r e ,  the l a s t
t r a c e s  b e i n g  r e m o v e d  by  a z e o t r o p i c  d i s t i l l a t i o n  w i t h  t o l u e n e .  T h e
-V 4p r o d u c t ,  5, 6 - d i m e t h y l -  6H - 3 - o x a -  3aX - t h i a -  1 , 4 ,  6 - t r i a z a p e n t a l e n e  
(79a)  (884 m g ,  56%) c r y s t a l l i s e d  a s  w h i t e  p r i s m s  f r o m  c y c l o h e x a n e ,  
m p  1 0 1 - 1 0 1 , 5 ° ,  m i x e d  m p  1 0 1 - 1 0 1 . 5 ° .  T h e  m a s s  s p e c t r u m  and  
n m r  s p e c t r u m  w e r e  i d e n t i c a l  to t h o s e  of  the  s a m p l e  p r e p a r e d  in
(i) a b o v e .
(iv) H y d r (^ y s i s _ o f_  
t e t r a a z a p e n t a l e n e
1 ,4  - D i m e t h y l -2 - m e t h y l t h i o -  lH-3a*X - t h i a -  1, 3 , 4 ,  6 - t e t r a ­
a z a p e n t a l e n e  ( 2 . 0 3 1  g,  10 m M )  w a s  d i s s o l v e d  in b e n z e n e  and  
chrorr ia tograph ed  ( s i l i c a ,  4 0 x  2 . 7  c m ) .  T h e  c o l u m n  w a s  e lu t e d  
w ith  b e n z e n e  (5 0 0  m l )  f o l l o w e d  by 100 m l  p o r t i o n s  of b e n z e n e : e t h e r  
(9 :1 ,  4 : 1 ,  1:1), w h ic h  w e r e  d i s c a r d e d .  E t h e r  a f f o r d e d  6 - m e t h y l - 5 -  
m e t h y l t h i o - 6 H - 3 - o x a - 3 a \ ^ -  th ia  - 1 , 4 ,  6 - t r i a z a p e n t a l e n e  ( 7 9b)
(660 m g ,  35%) a s  w h i t e  p r i s m s  f r o m  c y c l o h e x a n e ,  m p  1 3 4 - 1 3 6 ° .
Found:  C 3 1 . 6 ;  H 3 . 7 ;  N 2 2 . 2  
C H N OS^ r e q u i r e s :  C 3 1 . 7 ;  H 3 . 7 ;  N 2 2 . 2  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 8 9 . 0 0 2 5  
C^H_N^OS^ r e q u i r e s :  1 8 9 . 0 0 3 0
n m r ;  s e e  T a b l e  5 
uv  s p e c t r u m ( n m )  290  ( lo g  6 3 . 9 1 ) ,  2 2 4 .  ( 4 . 0 9 ) ,  202  ( 3 . 6 9 )
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e * A t t e m p t e d  S y n t h e s i s  of  5 ,  6 - D i m e t h y l - 6 H - 3 a X  - t h i a - 3 - s e l e n a -  -!
1 , 4 ,  6 - t r i a z a p e n t a l e n e
A s o l u t i o n  of  p h o s p h o r y l  c h l o r i d e  ( 1 . 6 9  g, 1 m l ,  11 m M )  in
d i m e t h y l f o r m a m i d e  (10 m l)  w a s  s t i r r e d  at r o o m  t e m p e r a t u r e  f o r
10 m i n u t e s .  4 , 5 - D i h y d r o - 5 - i m i n o - 3 ,  4 - d i m e t h y l - 1, 2,  4 - t h i a d i a z o l e
( 1 . 2 9 2  g, 10 m M ) in  d i m e t h y l f o r m a m i d e  (25 m l)  w a s  s l o w l y  ad d e d .
T h e  m i x t u r e  w a s  s t i r r e d  f o r  30 m i n u t e s ,  w h e n  s o d i u m  h y d r o g e n  i:
s e l e n i d e  s o l u t i o n  (= 60 m M  N aS eH )  w a s  ad d e d .  R e d  s e l e n i u m  w a s
i m m e d i a t e l y  d e p o s i t e d .  A f t e r  10 m i n u t e s  the m i x t u r e  w a s  p o u r e d  5
in to  w a t e r ,  e x t r a c t e d  t w i c e  w i th  b e n z e n e ,  and the e x t r a c t s  w a s h e d
w ith  w a t e r  (x  6) ,  d r i e d  and e v a p o r a t e d .  T h e  y e l l o w  r e s i d u e  w a s
c h r o m a t o g r a p h e d  (10 x  2 . 7  c m ) .  B e n z e n e  br o u g h t  fo r th  p a l e  |
y e l l o w e l u a t e s  w h i c h  w e r e  d i s c a r d e d ,  f o l l o w e d  b y  d a r k e r  y e l l o w  e l u a t e s  7
w h ic h  a f f o r d e d  d i m e t h y l s e l e n o f o r m a m i d e  (83) ,  a s  a y e l l o w  o i l ,  bp 80°C  ?
at r e d u c e d  p r e s s u r e  ( c f .  l i t .  7 9 at 0 . 4  m m ) .  Î
1 'H n m r  (C D C l  ): 3. 30 ( 3 H , N - M e ) , 3. 35 (3H, N ~ M e ) , 10,  61 ( I H ,  C H S e ) , f
+ • •M a s s  s p e c t r u m :  M at  139
3. S y n t h e s i s  o f  D i t h i a a z a p e n t a l e n e s
a.  S y n t h e s i s  of 5 ,  6 - D i s u b s t i t u t e d - 6 H - 3 ,  3a^X^-dithia- 1 , 4 ,  6 - t r i a z a -  |
p e n t a l e n e s
(i) TM (^qrm yia t ion ^of_ t lm J^  i 7 P ) _  )
A s o l u t i o n  of  p h o s p h o r y l  c h l o r i d e  ( 1 . 6 9  g,  1 m l ,  11 m M )  in  
d i m e t h y l f o r m a m i d e  (10  m l)  w a s  s t i r r e d  at  r o o m  t e m p e r a t u r e  f o r  10 
m i n u t e s .  4 , 5 - D i h y d r o - 5 ~ i m i n o - 3 ,  4 - d i m e t h y l - 1, 2 , 4 - t h i a d i a z o l e
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( 1 . 2 9 2  g, 10 m M ) in  d i m e t h y l f o r m a m i d e  w a s  s l o w l y  a d d e d .  T h e  
m i x t u r e  w a s  s t i r r e d  for  30 m i n u t e s ,  w h e n  s o d i u m  h y d r o g e n  s u lp h id e  
s o lu t io n  (4 M ,  100 m l )  w a s  a d d e d .  A f t e r  10 m i n u t e s  the m i x t u r e  w a s  
p o u r e d  in to  w a t e r ,  e x t r a c t e d  w i th  b e n z e n e  (x 2),  w a s h e d  w i th  w a t e r  
(x 6) d r i e d  and e v a p o r a t e d .  C h r o m a t o g r a p h y  (20 x  2 . 7  c m )  of  the  
r e s i d u e  w i th  b e n z e n e  g a v e  5, 6 - d i m e t h y l - 6 H ™ 3, 3 a X  - d i t h i a -  1 , 4 , 6 -
t r i a z a p e n t a l e n e  (84a)  (612 m g ,  35%) a s  y e l l o w  n e e d l e s  f r o m  c y c l o ­
h e x a n e ,  m p  14 5 . 5 - 1 4 7 ° .
Found:  C 3 4 . 5 ;  H 4 . 0 ;  N 2 4 . 2 ;  S 3 7 . 0
r e q u i r e s :  C 3 4 . 7 ;  H 4 .  1; N 2 4 . 2 ;  S 3 7 . 0
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  17 3. 0077
C - H _ N , S , .  r e q u i r e s :  17 3 . 0 0 8 15 7 3 2
n m r:  s e e  T a b l e  7 
uv  s p e c t r u m O v ^ g ^ ^  (nm)  34 9 ( lo g  & 4  . 05 ) ,  224 (4 .  15)
A s o l u t i o n  o f  p h o s p h o r y l  c h l o r i d e  ( 1 . 6 9  g,  1 m l ,  11 m M )  in  
d i m e t h y l f o r m a m i d e  (10 m l)  w a s  s t i r r e d  at  r o o m  t e m p e r a t u r e  f o r  10 
m i n u t e s ,  then  a dde d  s l o w l y  to a s o lu t i o n  of  5 - a m i n o - 4 - m e t h y l - 3-  
m e t h y l t h i o - 4 H -  1 , 2 , 4  - t h i a d i a z o l i u m  io d id e  ( 2 . 9 8 2  g, 10 m M )  and  
t r i e t h y l a m i n e  ( 1 . 1 1  g ,  1 . 5 3  m l ,  11 mM) in d i m e t h y l f o r m a m i d e  
(40 m l ) .  T h e  m i x t u r e  w a s  s t i r r e d  for  30 m i n u t e s ,  w h en  s o d i u m  
h y d r o g e n  s u lp h id e  s o lu t i o n  (4M,  100 m l)  w a s  a d d e d .  A f t e r  10 
m i n u t e s  l:};e m i x t u r e  w a s  p o u r e d  into w a t e r ,  e x t r a c t e d  w i th  b e n z e n e  
(x 2),  w a s h e d  w i th  w a t e r  (x 6) d r i e d  and e v a p o r a t e d .  C h r o m a t o g r a p h y  
(20 X 2 . 7  c m )  o f  the r e s i d u e  w i th  b e n z e n e  g a v e  6 - m e t h y l - 5 - m e t h y l t h i o -  
6 H - 3, ” d i t h i a - 1, 4 , 6 - t r i a z a p e n t a l e n e  (84b) ( 1 . 1 8 8  g,  58%) a s
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y e l l o w  n e e d l e s  f r o m  c y c l o h e x a n e ,  m p  9 4 - 9 5 °
Found;  G 2 9 . 6 ;  H 3 . 6 ;  N 2 0 . 3  
C H r e q u i r e s :  C 2 9 . 3 ;  H 3 . 4 ;  N 2 0 . 5
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  204 . 9 7 9 1  
r e q u i r e s :  2 0 4 ,  9802
n m r ;  s e e  T a b l e  7 
uv  s p e c t r u m  r\^ m a x  ^53 ( lo g  6  4 . 02) ,  277 (3, 31) ,  231 ( 4 . 3 4 ) ,
2 1 7 s h  ( 4 . 2 5 )
(ii)  T h iq n a t i o n  of  p  
2en^W ne_^
4T o  a s o l u t i o n  o f  5,  6 - d i m e t h y l - 6 H - 3 - o x a - 3 a A .  - t h i a - 1 , 4 ,  6 -  
t r i a z a p e n t a l e n e  (314 m g ,  2 m M )  in  p y r i d i n e  (20 m l )  w a s  added  
p h o s p h o r u s  p e n t a s u l p h i d e  (444 m g ,  2 m M ) . T h e  m i x t u r e  w a s  
r e f l u x e d  f o r  30 m i n u t e s ,  a l l o w e d  to c o o l  and the p r o d u c t  w a s  p o u r e d  
in to  w a t e r ,  e x t r a c t e d  w i th  b e n z e n e  (x  2) ,  w a s h e d  w i th  w a t e r  (x 3) 
d r i e d  and e v a p o r a t e d .  T h e  r e s i d u e  w a s  p u r i f i e d  b y  c h r o m a t o g r a p h y  
(20 X 2 . 0  c m ) .  E l u t i o n  w i th  b e n z e n e  a f f o r d e d  5,  6 - d i m e t h y l - 6 H -  
3, 3 a l \ ^ - d i t h i a -  1 , 4 ,  6 - t r i a z a p e n t a l e n e  (84a)  (195 m g ,  56%) a s  y e l l o w  
n e e d l e s  f r o m  c y c l o h e x a n e ,  m p  14 5.  5 - 1 4 7 ° ,  m i x e d  m p  14 5.  5 - 1 4  6. 5 °  , 
m a s s  s p e c t r u m  and n m r  s p e c t r u m  i d e n t i c a l  to  that  o f  the p r e v i o u s l y  
p r e p a r e d  s a m p l e .
b . S y n t h e s i s  of  2,  5, 6 - T r i s u b s t i t u t e d - 6 H - 3 ,  3 -  d i t h i a -  1 , 4 ,  6 - t r i a z a ­
p e n t a l e n e  s
( i) T M q n a t m n  of  _2^5^^ T  r i m e t h y l j  6 H q x a _ - _ 3 ^ ^ _ - _ t l u & : P  4 , _ 6 - t n .a z a • 
p e n ta ^ n e _ _
2 ,5 ,6 -T r i m e t h y  1-6H-3-oxa-3a"X^-thia-  1 , 4 ,  6 - t r i a z a p e n t a l e n e
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(342  m g ,  2 m M )  w a s  d i s s o l v e d  in  t o lu e n e  (20 m l )  and p h o s p h o r u s  
p e n t a s u l p h i d e  (444  m g ,  2m M ) a d d e d .  The  m i x t u r e  w a s  r e f l u x e d  
f o r  30 m i n u t e s ,  a l l o w e d  to c o o l ,  th e n  p o u r e d  into  w a t e r ,  e x t r a c t e d
w i t h  b e n z e n e  (x 2) ,  w a s h e d  w i th  w a t e r  (x 3) d r i e d  and e v a p o r a t e d .
T h e  r e s i d u e  w a s  p u r i f i e d  b y  c h r o m a t o g r a p h y  (30 x  2 . 0  c m ) .
B e n z e n e  g a v e  a p a l e  y e l l o w  p r o d u c t ,  p r o b a b l y  s u l p h u r ,  w h i c h  w a s  
d i s c a r d e d .  B e n z e n e : e t h e r  (9:1)  a f fo r d e d  2,  5 ,  6 - t r i m e t h y l - 6 H - 3, 3a"X 
d i t h i a - 1, 4 ,  6 - t r i a z a p e n t a l e n e  (86) (14 8 m g ,  4 0%) a s  y e l l o w  s p a r s  
f r o m  c y c l o h e x a n e ,  m p  1 8 4 - 1 8 5 ° .
Found:  C 38 .  6; H 4 . 6; N 22 .  6 
r e q u i r e s :  C 38 .  5; H 4 . 8; N 2 2 .  4 
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 8 7 . 0 2 3 2  
r e q u i r e s :  1 8 7 . 0 2 3 8
Ir  n m r :  s e e  T a b l e  7
uv s p e c t r u m  r \  (nm) 34 5 ( l o g  Ç 3.  87) ,  280  ( 3 . 2  8), 267  sh  ( 3 . 1 5 ) ,  
222 (4 .  14)
(ii)  T h e ^ e a c R q n _ o ^ ( ^ r b o n _  §L^JL
G e n e r a l  M e t h o d : -
T r i e t h y l a m i n e  ( 4 . 0 5  g,  5 . 5 7  m l ,  40  m M )  and c a r b o n  
d i s u lp h id e  ( 1 . 5 3  g, 1 . 2 0  m l ,  20 m M ) w e r e  a dde d  to a s o l u t i o n  of  
the 1 , 2 ,  4 - t h i a d i a z o l i u m  io d id e  (10 m M )  in  a c e t o n i t r i l e  (100  m l ) .
T h e  m i x t u r e  w a s  s t i r r e d  at r o o m  t e m p e r a t u r e  f o r  10 m i n u t e s ,  t h e n  
m e t h y l  i o d id e  ( 5 . 6 7  g, 2 , 5 0  m l ,  4 0 mM) w a s  added  and the  s o l u t i o n  
s t i r r e d  f o r  a f u r t h e r  10 m i n u t e s .  D u r i n g  t h i s  t i m e  i t d e c o l o u r i s e d  
f r o m  r e d  to p a l e  y e l l o w .  T h e  m i x t u r e  w a s  p o u r e d  into w a t e r ,  
e x t r a c t e d  w i th  b e n z e n e  (x 2) ,  w a s h e d  with  w a t e r  (x 3) d r i e d  and
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e v a p o r a t e d .  T h e  r e s i d u e  w a s  p u r i f i e d  by c h r o m a t o g r a p h y
(30 X 2 . 7  c m ) .  E l u t i o n  w i th  p e t r o l  g a v e  a s m a l l  q uan t i ty  of a
p a l e  y e l l o w  i m p u r i t y ,  w h i c h  w a s  d i s c a r d e d .  B e n z e n e  g a v e  the
d e s i r e d  p r o d u c t .
5 - A m i n o -  3, 4 - d i m e t h y l - 4 H -  1, 2,  4 - t h i a d i a z o l i u m  io d id e
( 2 . 5 7 1  g, 10 m M ) g a v e  5, 6 - d i m e t h y l - 2 - m e t h y l t h i o - 6 H - 3 ,  3 ^  -
d i t h i a -  1 , 4 ,  6 - t r i a z a p e n t a l e n e  ( 88a) (706  m g ,  32%) a s  p a le  y e l l o w
s p a r s  f r o m  c y c l o h e x a n e ,  m p  1 5 2 . 5 -  1 5 3 . 5 ° .
Found;  C 3 2 . 7 ;  H 4 .  1; N 19.  2
C r e q u i r e s :  C 32.  9; H 4 . 1 ;  N 1 9 . 26 9 3 3
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  21 .8 .9 9 4 2  
r e q u i r e s ;  2 1 8 . 9 9 5 8
nm r;  s e e  T a b l e  7 
uv spectrum:^% m a x  5 38 ( l o g 6  4 . 2 3 ) ,  315 ( 4 . 0 9 ) ,  224 ( 4 ,  27)
5 - A m i n o - 4 - m e t h y l - 3 - m e t h y l t h i o - 4 H -  1 , 2 ,  4 - t h i a d i a z o l i u m
4io d id e  ( 2 . 8 9 2  g,  10 m M ) g a v e  6 - m e t h y l - 2, 5 - d i m e t h y l t h i o - 6 H - 3 ,  3a A. - 
d i th ia -  1 , 4 ,  6 - t r i a z a p e n t a l e n e  ( 88b) (475 m g ,  18%) a s  p a l e  y e l l o w  s p a r s  
f r o m  c y c l o h e x a n e ,  m p  1 4 2 - 1 4 3 ° .
Found:  C 2 8 . 9 :  H 3 . 8 ;  N 1 6 . 5  
C^H r e q u i r e s :  C 2 8 . 7 ;  H 3 . 6 ;  N 1 6 . 7
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 5 0 . 9 6 7 0  
r e q u i r e s :  2 5 0 . 9 6 7 9
nm r:  s e e  T a b l e  7 
uv s p e c t r u m . : * \ ( n m )  343 ( i o g £ . 4 . 2 3 ) ,  319  ( 4 . 0 5 ) ,  2 5 2 sh ( 3 . 8 6 ) ,  
228  ( 4 . 4 5 )
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.  *N 44 . A t t e m p t e d  S ynthe  s i s  of  5 ,  6 - D i m e t h y l - 6H - 3 , 3a/y - d i t h i a -  1 , 2 , 4 ,  6 - 
t e t r a a z a p e n t a l e n e
a .  P r e p a r a t i o n  of  5, 6 - D i m e t h y l - 6 H - 3 - o x a - 3 a / \ .  - t h i a - 1, 2 , 4 , 6 -
t e t r a a z a p e n t a l e n e  ( 89 )
107T h e  f o l l o w i n g  m o d i f i c a t i o n  of G o e r d e l e r ' s  m e t h o d  w a s
u s e d ; -
5 - A m i n o - 3, 4 - d i m e t h y l - 4 H - 1, 2 ,  4 - t h i a d i a z o l i u m  io d id e
( 2 . 5 7 1  g, 10 m M ) w a s  d i s s o l v e d  i n ^ / g  h y d r o c h l o r i c  ac id  (sO m l )  ;
the  m i x t u r e  c o o l e d  to 0 °  and s o d i u m  n i t r i t e  ( 1 . 3 8 1  g,  20 mM ) a d d e d .
T h e  i o d in e  w h i c h  w a s  l i b e r a t e d  w a s  f i l t e r e d  off  u n d e r  s u c t i o n ,  and
w a s h e d  w i th  a s m a l l  q u an t i ty  o f  h y d r o c h l o r i c  a c i d .  S o d i u m
n i t r i t e  ( 690 m g ,  10 m M )  w a s  added  to the  f i l t r a t e s ,  w h i c h  w e r e  ■
then  l e f t  to s tand  f o r  2 h o u r s .  T h e  p r o d u c t  w h i c h  had p r e c i p i t a t e d
out w a s  f i l t e r e d  o f f ,  d r i e d  and r e c r y s t a l l i s e d  f r o m  b e n z e n e .  T h e
m o t h e r  l i q u o r s  w e r e  c o m b i n e d  w i th  the a q u e o u s  f i l t r a t e s ,  and
e x t r a c t e d  w i th  b e n z e n e  (x 2 ) .  T h e  e x t r a c t s  w e r e  w a s h e d  w i th
w a t e r ,  s o d i u m  b i c a r b o n a t e  s o lu t i o n ,  then  w i th  m o r e  w a t e r ,  d r i e d
and e v a p o r a t e d .  C h r o m a t o g r a p h y  (20 x  2 c m )  w i th  e th e r  g a v e  ;
4y e l l o w  e l u a t e s  w h ic h  a f f o r d e d  5, 6 - d i m e t h y l - 6H - 3 - o x a - 3 a \ .  - t h i a -
1 , 2 , 4 ,  6 - t e t r a a z a p e n t a l e n e  (89) ( to ta l  y i e l d  921 m g ,  58%) a s  y e l l o w  
p l a t e s  f r o m  b e n z e n e ,  m p  156 -  1 5 8 ° .
Found:  C 30 .  5; H 3 . 9 ;  N  3 5 . 6  
C^H^N^OS r e q u i r e s :  C 3 0 . 4 ;  H 3.  8 ; N  3 5 . 4  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  1 5 8 . 0 2 5 5
C ^ H 6 ^ . 0 5 . r e q u i r e s :  158 .  0 2 6 2
n m r  (CDC l  ): & 2 . 6 7  ( 3 H , 5 - M e ) ,  4 . 0 4 ( 3 H , 4 - M e )  
uv s p e c t r u m  ( m e t h a n o l )  (nm) 314 ( lo g  6 3 .  80) ,  247 (3 . 34) ,  2 11 (3.7 3)
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b . A t t e m p t e d  T b i o n a t io n  of  5,  6 - D l m e t h y l - 6 H - 3 - o x a -  3aX^ - t h i a -
1 , 2 , 4 ,  6 - t e t r a a z a p e n t a l e n e  (89)
T o  a s o l u t i o n  of  5,  6 - d i m e t h y l -  6H - 3 - o x a - 3 t hi a - 1 , 2 , 4 ,  6 -  
t e t r a a z a p e n t a l e n e  (791 m g ,  5 m M )  i n  p y r i d i n e  (50 m l )  w a s  a dde d  
p h o s p h o r u s  p e n t a s u l p h i d e  ( 1 . 1 1 0  g, 5 m M ) , T h e  m i x t u r e  w a s  
r e f l u x e d  f o r  10 m i n u t e s ,  and b e c a m e  c o l o u r l e s s .  It w a s  p o u r e d  in to  
w a t e r ,  and e x t r a c t e d  w i th  b e n z e n e  (x 2) .  T h e  e x t r a c t s  w e r e  w a s h e d  
w ith  w a t e r  (x  3) ,  d r i e d  and e v a p o r a t e d .  C h r o m a t o g r a p h y  (30 x  2 c m )  
of  the  r e s i d u e  w i th  p e t r o l  r e m o v e d  t r a c e s  of s u lp h u r  w h i c h  w e r e  
p r e s e n t .  B e n z e n e  a f f o r d e d  3,  4 - d i m e t h y l - 4 H  - 1 , 2 ,  4 - t h i a d i a z o l e - 5-  
th ion e  (91)  (318  m g ,  43%) a s  w h i t e  p r i s m s  f r o m  h e x a n e ,  m p  1 0 0 - 1 0 0 . 5 ° ,  
Found:  C 3 2 . 8 ;  H 4 . 0 ;  N 1 9 . 2 ;  S 4 4 . 1  
^ 4 ^ 6 ^ 2 ^ 2  ^Gquires:  C 32.  8; H 4 .  1; N 19.  2; S 4 3 . 9  
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  145 .  9963
C^H^N^S^ r e q u i r e s :  1 4 5 . 9 9 7 2
n m r  ( C D C F ) :  6  2 . 5 1  (3H,  3 - M e ) ,  3 .  63 (3H, 4 - M e )
5.  T h e  R e a c t i o n  o f  4 , 5 - D i h y d r o - 5 - i m i n o - 3, 4 - d i m e t h y l -  1 , 2 , 4 -  
t h i a d i a z o l e  w i th  I s o ( t h i o ) c y a n a t e
G e n e r a l  M e t h o d : -
4 ,  5 - D i h y d r o  - 5 - i m i n o - 3, 4 - d i m e t h y l -  1 , 2 , 4  - t h i a d i a z o l e  
( 1 . 2 9 2  g,  10 m M )  w a s  d i s s o l v e d  in b e n z e n e  (100  m l )  and the i s o ( t h i o ) - 
c y a n a t e  (12 m M ) w a s  ad d e d .  T h e  s o l u t i o n  w a s  l e f t  s ta n d in g  fo r  30 
m i n u t e s , d u r i n g  w h i c h  t i m e  the p r o d u c t  b e g a n  to c r y s t a l l i s e  out .  T h e  
p r o d u c t  w a s  f i l t e r e d  off ,  and the m o t h e r  l i q u o r s  w e r e  e v a p o r a t e d  to 
g i v e  a f u r t h e r  q u a n t i ty  of  the  p r o d u c t .
P h e n y l  i s o t h i o c y a n a t e  ( 1 . 6 2  g, 1 , 4 3  m l ,  12 m M )  gave
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2 - a m i n o p h e n y l -  5, 6 - d i m e t h y l -  6H~ 3, 3 ^ ^ - d i t h i a -  1 , 4 ,  6 - t r i a z a ­
p e n t a l e n e  (94) ( 2 . 5 1 7 g ,  95%) a s  w h i t e  m i c r o n e e d l e s  f r o m  e t h a n o l ,  
m p  1 6 1 . 5 - 1 6 3 ° .
F o u n d : C 4 9 . 6 :  H 4 . 5; N 2 1 .  5
^ 11^ 12^ 4^2 C 5 0 . 0 ;  H 4 . 6 ;  N 2 1 . 2
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 6 4 . 0 4 9 1
^ 1 1 ^ 1 2 ^ 4 ^ 2  2 6 4 , 0 5 0 3
%  n m r  (C D C l  ): 6  2 . 4 9  ( 3 H , 5 - M e ) ,  3.  68 (3H, 6 - M e ) , 7 . 1 1 - 7 .  68  (5H,  
m , P h ) ,  8 . 4 6  ( l H , b r , N H )  
uv s p e c t r u m  ( m e t h a n o l ) ( n m )  320 ( l o g 6  4 . 3 6 ) ,  226  ( 4 . 4 0 ) ,  
2 1 5 s h  (4 .  39)
P h e n y l  i s o c y a n a t e  ( 1 . 4 3  g, 1 . 3 0  m l ,  12 m M ) g a v e  2 - a m i n o ­
p h e n y l - 5,  6- d i m e t h y l - 6H - 3 - o x a - 3 a T X ,^ - t h i a - 1, 4 ,  6 - t r i a z a p e n t a l e n e  
(98)  ( 1 .  841 g,  74%) a s  w h i t e  m i c r o p l a t e s  f r o m  b e n z e n e ,  m p  204-205*^,  
w i t h  s i n t e r i n g  f r o m  1 7 0 ° .
Found:  C 5 3 .  1; H 4.7-; N 2 3 . 0  
r e q u i r e s :  C 53 .  2; H 4 . 9 ;  N 22 .  6 
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  24 8 . 0 7 3 9  
C 11H 12N 4OS r e q u i r e s :  2 4 8 . 0 7 3 2
%  n m r  (C D C l  ): 5  2 . 4 4  (3H ,  5 - M e ) ,  3. 60 (3H, 6 - M e ) , 7 .  0 2 - 7 .  60 ( 6H,  
m ,  P h  and NH)
uv s p e c t r u m  (methanol):"X. (nm)  291 ( lo g  6  4 . 4 6), 2 3 8  (3 .  88) ,
205  ( 4 , 2 7 )
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6 . T h e  R e a c t i o n  of  T h i o p h o s g e n e  w i th  4 , 5 - D i h y d r o - 5 - i m l n o - 1, 2 ,  4 -  
t h i a d i a z o l e s
T r i e t h y l a m i n e  ( 1 . 0 1 2  g,  1. 39 m l ,  10 m M )  and t h i o p h o s g e n e  
(2 30  m g ,  0 . 1 5  m l ,  2 m M )  w e r e  added  to a s o lu t i o n  of  the  i m i n e  (5 m M )  
in s o d i u m - d r y  b e n z e n e  (200  m l ) .  T h e  m i x t u r e  w a s  s t i r r e d  at r o o m  
t e m p e r a t u r e  f o r  o n e  h o u r ,  and t u r n e d  y e l l o w .  T h e  m i x t u r e  w a s  
p o u r e d  in to  w a t e r ,  e x t r a c t e d  w i th  b e n z e n e  (x 2) ,  w a s h e d  w i th  w a t e r  
(x 3) d r i e d  and e v a p o r a t e d .  T h e  r e s i d u e  w a s  p u r i f i e d  by  
c h r o m a t o g r a p h y  (30 x  2 c m ) .  E l u t i o n  wi th  e t h e r : m e t h a n o l  (19:1)  
g a v e  p a l e  y e l l o w  e l u a t e s  c o n t a i n i n g  the p r o d u c t .
(i) 4 ,  5 - D i h y d r o - 5 - i m i n o - 3 ,  4 - d i m e t h y l - 1, 2 ,  4 - t h i a d i a z o l e  (6 4 6  m g ,
5 m M ) g a v e  1, 3-^bis- (3,  4 - d i m e t h y l - 1, 2 ,  4 - t h i a d i a z o l - 5 - y l i d e n e ) a c e t o n e  
(102a)  (57 mg,  10%) as p a l e  y e l l o w  p r i s m s  f r o m  benzene^  m p  27 6-278,  5 °  , 
A c c u r a t e  m a s s  d e t e r m i n a t i o n :  2 8 4 . 0 5 0 1  
r e q u i r e s :  2 8 4 . 0 5 1 49 12 6 2
n m r  (C D C l^ ,  s a t u r a t e d  s o lu t ion ) :  ^ 2 . 5 3  ( 6H, b r , 2 x  C - M e ) ,
3.  85 ( 6 H , b r , 2 x N - M e )
A s a t i s f a c t o r y  a n a l y s i s  w a s  not  ob t a in e d  fo r  t h i s  c o m p o u n d .
( ii ) 4 , 5 - D i h y d r o - 5 - i m i n o - 4 - m e t h y l -  3 - m e t h y l t h i o - 1, 2 ,  4 - t h i a d i a z o l e  
(807  m g ,  5 m M )  g a v e  1, 3 - b i s - ( 4 - m e t h y l - 3 - m e t h y l t h i o - 1, 2 , 4 - t h i a d i a z o l -  
- 5 - y l i d e n e ) a c e t o n e  (102b) (504 m g ,  72%) a s  p a l e  y e l l o w  n e e d l e s  f r o m  
a c e t o n i t r i l e ,  m p  2 6 7 - 2 6 8 °  .
Found:  C 3 1 . 5 ;  H 4 .0 ; .  N 23. ,8
G H i^ N o O S ^  r e q u i r e s :  C 3 1 . 0 ;  H 3 . 5 ;  N  2 4 .  1
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A c c u r a t e  m a s s  d e t e r m i n a t i o n :  3 4 7 .  994 5
^ 9 ^ 1 2 ^ 6 ^ ^ 4  3 4 7 .  9955
n m r  ( C D C l^ ,  s a t u r a t e d  so lu t ion) :  S 2 , 6 8  ( 6H, b r , 2 x  C - M e ) ,  
3 . 7 8  ( 6H , b r ,  2 x N - M e )
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